Avian habitat use in southern Nevada riparian areas with varying amounts of Tamarix ramosissima by Haigh, Sandra Lou
UNLV Retrospective Theses & Dissertations 
1-1-1996 
Avian habitat use in southern Nevada riparian areas with varying 
amounts of Tamarix ramosissima 
Sandra Lou Haigh 
University of Nevada, Las Vegas 
Follow this and additional works at: https://digitalscholarship.unlv.edu/rtds 
Repository Citation 
Haigh, Sandra Lou, "Avian habitat use in southern Nevada riparian areas with varying amounts of Tamarix 
ramosissima" (1996). UNLV Retrospective Theses & Dissertations. 3030. 
http://dx.doi.org/10.25669/vsqs-jevv 
This Dissertation is protected by copyright and/or related rights. It has been brought to you by Digital 
Scholarship@UNLV with permission from the rights-holder(s). You are free to use this Dissertation in any way that 
is permitted by the copyright and related rights legislation that applies to your use. For other uses you need to 
obtain permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons 
license in the record and/or on the work itself. 
 
This Dissertation has been accepted for inclusion in UNLV Retrospective Theses & Dissertations by an authorized 
administrator of Digital Scholarship@UNLV. For more information, please contact digitalscholarship@unlv.edu. 
INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in ^ e w rite r  face, while others may be 
from any type of computer printer.
ilie  quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely afreet reproduction.
In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in reduced 
form at the back of the book.
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6” x 9” black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly to 
order.
UMI
A Bell & Howell Information Company 
300 North Zed> Road, Aim Arbor MI 48106-1346 USA 
313/76W700 800/521-0600
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
AVIAN HABITAT USE IN SOUTHERN NEVADA RIPARIAN AREAS 
WITH VARYING AMOUNTS OF Tamarix ramosissima
by
Sandra L. Haigh
A dissertation submitted in partial fulfillment 
of the requirements for the degree of
Doctor of Philosophy
m
Biology
Department of Biological Sciences 
University of Nevada, Las Vegas 
August, 1997
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: 9810285
UMI Microform 9810285 
Copyright 1997, by UMI Company. All rights reserved.
This microform edition is protected against unauthorized 
copying under Title 17, United States Code.
UMI
300 North Zeeb Road 
Ann Arbor, MI 48103
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The Dissertation of Sandra L. Haigh for the degree of Doctor of Philosophy in Biology is 
approved.
Chairperson, Donald H. Baepler, Ph.D.
Examining Committee Member, Stanley D. Smith, Ph.D.
Examining Committee Member, Charles L. Douglas, Ph.D
Examining Committee Member, Russell P. Baida, Ph.D.
Graduate Faculty Representative, Ashok K. Singh, Ph.D.
Dean of the Graduate College, Ronald W. Smith, Ph. D.
University of Nevada, Las Vegas 
August, 1997
u
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ABSTRACT
Avian species richness, species diversity, and density were measured and 
compared over a 21 month period on six riparian sites in Lake Mead National Recreation 
Area (LMNRA), southern Nevada. Sites consisted of two lake shore areas with almost 
pure stands of Tamarix ramosissima and four stream side areas, two with mixed Tamarix 
and native vegetation and two with only native vegetation. Overall mean avian species 
richness, diversity, and density were lowest on lake shore sites, intermediate on mixed 
stream sites and highest on stream sites with native vegetation. Differences in these 
values were significant between lake shore and stream sites and between stream sites for 
density. Habitat variables within these sites that were measured and correlated with avian 
community factors included perennial species richness, perennial species diversity, 
relative percent cover of Tamarix, percent total cover native vegetation, foliage volume, 
and arthropod biomass. Perennial plant species richness and diversity decreased on sites 
as amount of Tamarix increased based on relative canopy coverage measurements. 
Significant differences were found in foliage volumes of Tamarix growing on different site 
types at all three heights measured during various seasons. No differences in foliage 
volumes of native vegetation growing on different site types were found at any height in 
any season. Foliage height profiles based on foliage volumes measured at three different 
heights were constructed. Age profiles and age-stem diameter relationships of Tamarix 
were determined for four populations growing in the two habitat types. Stream sites 
were found to have older populations with less recruitment and averaged slightly fewer
lU
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
number of growth rings/cm than lake shore populations. Arthropods were sampled 
monthly from three vegetation layers, were identified to family, and then dried and 
weighed to determine sample biomass. Estimates of biomass in g/m^ and in g/ha were 
calculated for each site. Taxonomic diversity of arthropods was highest in the sites with 
no Tamarix and lowest in sites with little native vegetation. Significant differences were 
foimd in arthropod abundance between native vegetation and T. ramosissima. Using 
linear models, arthropod biomass was the poorest predictor of the three bird community 
factors at all levels. Percent total cover of native vegetation was the best predictor of bird 
species diversity, richness, and density across the three site types. Values for r  ̂were 
improved slightly by using various nonlinear models for all factors at all levels. Multiple 
linear regression was used to construct a model to predict each avian factor using the five 
vegetation factors across all six sites and across the three site types. Values for r̂  were 
similar for bird species diversity and richness and lower for bird density across all six 
sites. At the site type level, r  ̂values were higher, with the value for bird density being 
the highest. Perennial plant species that birds used in greater proportions relative to their 
abimdance were identified and included Acacia greggii, Prosopis pubescens, Prosopis 
glandulosa and Larrea tridentata. Plant species that birds used less in proportion to their 
abundance included Phragmites australis and Baccharis sarothroides.
IV
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CHAPTERl 
GENERAL INTRODUCTION 
Studies of Avian Habitat Selection - An Overview
Studies in the field of ecology focus on the causes for the distribution and 
abundance of organisms. Within ecology, the more specific “habitat use (selection) 
studies” seek answers to the evolutionary questions of what determines the range of 
habitats in which a species occurs and the more behavioral questions of how individual 
organisms make choices to occupy the habitats they do. These questions center around 
identifying what biotic and abiotic factors of the habitat supply organisms with all of the 
requirements necessary to sustain life. The field of ornithology has made major 
contributions to our understanding of the process of habitat selection. Birds are highly 
mobile animals that can easily move among and between various habitats to keep 
themselves in an optimum environment despite changing conditions. Their wide 
distribution throughout the world and high visibility has made them a fi-equent subject for 
investigations of habitat selection and use.
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People’s early interest in the study of birds provided the foundation on which 
later, more sophisticated, studies were built. Karr (1980 as cited in Block and Brennan 
1993) divided the history of the study of relationships o f birds to their environment into 
3 eras. The first, termed the “catalog era” consisted of early descriptions of particular 
species and the environments in which they were found in general terms. In North 
America during the 1700’s and 1800’s, people such as William Bartram, Alexander 
Wilson, John James Audubon, Spencer Baird and Charles Bendire made notations on 
general habitat features while collecting specimens for museums. By the 1870’s, most of 
the known species had been described (Karr 1980). The second era, the qualitative 
natural history era, occupied the first half of the 20th century and examined the actual 
processes that influenced the distribution of birds. Scientists including Joseph Grirmell, 
Alden Miller and David Lack were leaders in this transition period of the 1930’s to the 
1950’s from a biogeography and systematics focus to one of a population biology and 
ecology focus (Ehrlich et al. 1988). The third “quantitative ecology era” of the 1950’s to 
the present was largely started by the works of G. Evelyn Hutchinson and Robert 
Mac Arthur. Hutchinson’s (1957) quantitative descriptions of a multidimensional 
ecological “niche” and Mac Arthur’s (1958) quantitative studies of how species divide 
resources and come to occupy various niches to reduce competition in a habitat were 
fundamental in bringing mathematical theory into ecology.
Today, the increased use of computers to analyze data has allowed scientists 
access to more sophisticated statistical techniques. These techniques include building 
predictive models to test hypotheses concerning habitat use (Vemer et al. 1986).
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Multivariate data analysis has made it clear that the causes for avian habitat selection are 
complex and varied (Capen 1981). These data analysis techniques have shown that it is 
usually a whole series of factors that influence birds’ selection of a particular habitat and 
rarely just one or two (Rotenberry and Wiens 1980, Rice et al. 1983b, Smith and 
Connors 1993). These factors can be roughly divided into two categories: (1) those as a 
result of the differences in research methods used to gather data and how that data is 
interpreted; and (2) those caused by differences in the habitat and bird 
species/communities themselves.
Ralph and Scott (1981) and Vemer (1985) presented a comprehensive evaluation 
of various methods for estimating bird populations, including the use of line transects 
(both variable-strip and fixed-width), territory mapping, circular plots and playback 
recordings. The effects of factors such as weather, time of day and season (Shields 1977, 
Palmeirim and Rabaca 1994), bird activity level, length of count period, observer 
variability, vegetative structure, sample size (Morrison 1984) and scale of censusing area 
(Engstrom and James 1981) must all be taken into consideration when designing studies 
and evaluating results. For example, results taken at one scale may (Bock 1987) or may 
not (Knopf and Samson 1994) always be accurately extrapolated to areas of larger or 
smaller size. The actual “unit” used to measure habitat use can also vary but is often 
some sort of diversity index or measure o f evenness of abundance within a community. 
Many studies use the density of bird species per unit area as an indication of habitat use 
and quality, however. Van Home (1983) and Vickery et al. (1992) have shown that this is 
not always a positive correlation. Finally, studies vary as to whether they look at habitat
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use of a single species or if they examine the avian community as a whole within a certain 
habitat type.
Factors that affect variations in habitat use resulting from differences in the types 
of bird species or communities themselves include the genetic makeup of species, age and 
sex, and competitive interactions which reflect the degree of overlap in their need for 
limited resources. Differences among habitats are many and include latitude and elevation 
of an area, soil type, accompanying vegetative structure and composition, how the 
abundance and availability of resources is distributed in time and space, productivity, 
how seasonal changes affect the needs of birds and the availability of resources, and the 
degree and type of disturbances both natural and anthropogenic occurring in an area. 
Hilden (1965) presented an earlier review of information concerning habitat selection in 
birds during the breeding season and its effect on the topographic distribution of species. 
Cody (1985) presented the results of 9 different habitat selection studies and divided 
them into those involving different taxa and those involving different habitat types.
Many studies have focused on the role of vegetation structure and composition in 
avian habitat selection, and positive correlations were usually found between foliage 
height diversity and bird species diversity. This led to the conclusion that foliage height 
diversity is a valuable predictor of avian habitat use [(MacArthur and Mac Arthur 1961, 
MacArthur et al. 1966, Karr and Roth 1971, Wilson 1974, Baida 1975, Roth 1976)]. 
Others found that floristic composition also plays an important role (Whitmore 1977, 
Rotenberry 1985, Bersier and Meyer 1994,1995) and it may be that foliage height 
diversity is actually a reflection of plant species diversity (Rice et al. 1984). The
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successional stage of vegetation may influence bird species composition by affecting 
vegetation height diversity, patchiness and composition (Schieck et al. 1995).
One outcome of ecological research on habitat use is the knowledge that habitats 
are ecosystems composed of many interdependent parts. They function because their 
assemblages are varied. In light of recent and rapid habitat loss due to human activities, it 
has become clear that conservation efforts should focus on saving entire habitat types 
(Reed 1995). Single-species conservation efforts fall short because no single species can 
survive in a habitat by itself. Each species is dependent on some, or all, o f the other 
species in that ecosystem and the maintenance of biodiversity as a whole will tend to 
conserve more species in the long run.
Importance of Riparian Habitats
In recent years, the importance of riparian zones as areas of high productivity and 
biodiversity has received considerable attention. The presence of water in an area can add 
another dimension to the ecosystem resulting in a more diverse assemblage of species at 
many levels (Gregory et al. 1991). This is especially pronounced in arid regions where 
water is scarce in surrounding upland zones. In the desert southwestern United States, 
studies of riparian habitat have primarily concentrated on flow regimes, vegetation 
community structure and composition, invertebrate and vertebrate community dynamics 
and conservation/management issues.
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Vegetation studies have focused mainly on large riverine systems such as the 
Colorado, Rio Grande, Gila, and Pecos rivers. Many studies consisted of surveys and 
mapping of vegetation community types with comparisons to historic communities and 
notations of the changes that have taken place over time (Hastings and Turner 1965, 
Haase 1972, Turner 1974, Lacey et al. 1975, Cooke and Reeves 1976, Johnson 1978, Rea 
1983). Other studies examined the functional aspect of these riparian plant communities 
and how perturbations affect them. Reichenbacher (1984) reported on the relationship 
between the distribution of plant species and physical site factors including age, elevation 
and degree of livestock grazing. Both Campbell and Green (1968) along Sycamore Creek, 
AZ and Ohmart et al. (1975) along part of the lower Colorado River, examined 
succession of riparian vegetation communities. Campbell and Dick-Peddie (1964) studied 
the relationships of riparian plant communities to soil salts, texture and pH. Smith et al. 
(1991) compared water potentials and stomatal conductance of riparian plants on diverted 
and undiverted reaches of Bishop Creek, CA. Busch and Smith (1993) measured both 
water uptake and the effects of fire on water and salinity relations in riparian woody taxa 
along two southwestern rivers.
The effects of man-induced alterations on riparian zones have become more clear 
as a result o f these vegetation studies. Dam construction (and its alteration of flow 
regimes), the invasion of riparian areas with exotic vegetation, fire, livestock grazing and 
clearing of areas have all contributed to changes in many southwestern riparian 
ecosystems. The tree species Populus fremontii (Fremont cottonwood) has received 
special attention because of declines in populations due to all of these factors (Busch and
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Smith 1995) and because of its value to wildlife (Fenner et al. 1985, Asplund and Gooch 
1988, Howe and Knopf 1991). Experiments on the revegetation of native riparian areas 
have been conducted in an effort to help offset these man-induced alterations (Anderson 
et al. 1978, Friedman et al. 1995). Efforts to conserve and manage these areas have been 
the topic o f many published papers and at least two symposia (Johnson and Jones 1977, 
Johnson and McCormick 1978).
Investigations o f plant and animal communities representing southwestern riparian 
areas consist of both biological inventories (Hubbard 1977, Engel-Wilson and Ohmart 
1978) and studies on more functional aspects of these communities. The majority of 
these studies have focused on avian communities and the vegetation types they occupy 
along the larger river systems (Laudenslayer 1975, Rice et al. 1980, Anderson et al. 1983, 
Rosenberg et al. 1991 on the lower Colorado River; Farley et al. 1994, Ellis 1995 on the 
Rio Grande; Baltosser 1986 on the Gila River; Bio/West 1996 on the lower Virgin River). 
One of the most intensely studied riparian zones is that portion of the Colorado River 
that runs through the Grand Canyon. Changes that have taken place in the canyon with 
respect to vegetation and associated wildlife were presented by Johnson (1991) (historic 
changes), and Turner and Karpiscak (1980) (more recent changes). Carothers et al. (1976) 
compiled an ecological survey of the canyon that included ail the major floral and faunal 
groups. Brown (1989) and Brown and Trosset (1989) examined the relationships of 
vegetation characteristics and breeding riparian birds in the canyon.
These studies, and those of bird communities occupying smaller desert riparian 
areas, show the importance of these areas to resident, migrant and breeding bird
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populations. Johnson and Haight (1985) found that Sonoran Desert riparian habitats 
supported 5 to 10 times the population densities and species diversity of surrounding 
desert uplands, while Szaro and Jakle (1985) found 3 to 4 times greater population 
density in the riparian core than in an area 600 to 1,000 m from the edge. Species-specific 
studies have yielded important information about habitat use and the conservation of at 
least 10 species of special concern along the Colorado River (Hunter 1984, Franzreb 
1989).
Published studies of smaller riparian zone bird communities in southern Nevada 
are much fewer in number. The most frequently cited study is one by Austin (1970) of 
riparian vegetation in Las Vegas. Miller (1974) looked at the stmcture of the avian 
community in Las Vegas Wash, also near Las Vegas, just outside of Lake Mead National 
Recreation Area (LMNRA). Studies within LMNRA are practically nonexistent, both in 
riparian areas associated with small streams and in areas along the lake shores. The 
combined total area of these types of habitats is quite large and studies that provide 
information to guide management decisions concerning these unique ecosystems are 
needed.
A Brief Life History of Tamarix ramosissima and Its Occupation of Southwestern
Desert Riparian Zones
The genus Tamarix (saltcedar) contains approximately 54 species of trees and 
shrub-like trees. The taxonomy of this group is quite complex, leading to disagreement as
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to the exact classification of many of its members (McClintock 1951, Munz 1974, Baum 
1967, 1978). It is likely too, that hybridization has occurred among some members to 
further obscure species relationships. The species’ origins are in Europe, Asia and Afnca 
but many have spread throughout the world due to repeated human introductions.
Several species o f Tamarix were introduced into the United States in the early 1800’s as 
ornamental plants and these escaped cultivation and became naturalized to varying 
degrees throughout the country, primarily in the southern portion (Christensen 1962, 
Horton 1964). DeLoach (1989) noted that of eight species first introduced here, three of 
them, T. ramosissima, T. chinensis, and T. parviflora spread rapidly throughout the 
West and Southwest and currently occupy about 500,000 ha. In the desert Southwest, 
these plants have become established primarily in riparian zones. The most abundant 
species that occurs in southern Nevada appears to be T. ramosissima (S. D. Smith, pers. 
comm.).
There are many aspects of this plant group’s life history and physiology that 
make members superb competitors with native vegetation. Mature Tamarix plants 
produce huge quantities of seeds annually and they can begin producing them as early as 
their second year. Bowser (1957) reported that one mature plant can produce up to 1 
million seeds in a season. Wild seeds remain viable for approximately 4 weeks after 
dispersal (Horton et al. 1960). Although the seeds do not remain viable for as long as 
some native species, they are produced throughout the growing season. Most published 
accounts give dates from early spring (April) until late fall (October), but in LMNRA in 
southern Nevada, there are at least some trees blooming all year round (pers. obs.).
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Tamarix seeds are small (about 0.0001 g) (Brock 1994), with a tuft of hair-like structures 
that makes them easily dispersed by means of both wind and water. They require a moist 
surface that is above about 27° C on which to germinate, but almost any moist soil or 
even the surface of the water itself will suffice (Horton et al. 1960).
Saltcedar seedlings, like the seeds, are tolerant of saline soils like those found 
throughout the desert Southwest (Shafroth et al. 1995). One adaptation that allows 
saltcedar to tolerate saline soils is its ability to secrete salt through its foliage. Berry 
(1970) found that the ions secreted by T. aphylla were similar in composition to those in 
the root environment but that the salt glands of the plant were capable of concentrating 
the levels secreted by 50 times those in the soil. This secretion of salt in species of 
Tamarix that are deciduous (like T. ramosissima ), results in an eventual build-up of 
salty litter beneath stands of the plants. This litter layer is extremely effective in 
preventing the establishment of native riparian species, and eventually, as the stand 
matures, reduces the recruitment of even young Tamarix.
Compared to some native riparian species, saltcedar seedlings and their shoot 
systems grow rather slowly for the first week, although they develop drought tolerance 
steadily as they grow older (Horton 1960). This attribute is necessary for any species 
that cannot depend on unreliable surface moisture for long. Despite their slow growth, 
juvenile Tamarix plants can become established in extremely dense patches, effectively 
excluding seedlings of other species from becoming established. Warren and Turner 
(1975) reported a saltcedar seedling density of 170,000 plants/m^ on an Arizona mud flat.
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Tamarix, like many other desert riparian species, is classified as a phreatophyte, a 
term that means “well plant” (Robinson 1958). This describes the root system of the 
adult plants that extends to the water table to tap this water supply rather than 
depending on soil or surface moisture which are more variable in content and distribution. 
The root systems are also capable of adapting themselves to local conditions, producing 
lateral roots within and above the capillary fringe if soil moisture is beneficial there. In 
addition, Busch et al. (1992) showed, with stable isotopes, that Tamarix can also utilize 
unsaturated-zone soil moisture, making it a “faculative phreatophyte”. In general, 
saltcedar is thought to be more drought tolerant than native species (Horton 1977).
Busch and Smith (1995) demonstrated that Tamarix has lower osmotic potentials than 
native woody plants and concluded that it is capable of greater osmotic adjustment and 
has higher water use efficiency than native species.
Once established, Tamarix grows rapidly. Stems of adult plants can grow over 
3 m in one season (Gary 1963). It has the ability to regrow from the crown, stem and 
roots, which is one reason why saltcedar removal firom an area is so difficult. Burning or 
cutting it at ground level only causes it to vigorously regrow. Some control programs have 
met with success if it is rootplowed and then inundated for long periods of time, but the 
most successful method to date is cutting and then inunediately applying an herbicide to 
the stump. Saltcedar also regenerates by layering, which helps it to regrow after being 
partially buried by silt and debris deposited by floods.
Saltcedar is capable of surviving a wide range of temperatures and can exist at 
elevations ranging frrom below sea level to above 2100 m (Everitt 1980) and in some cases
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2700-3300 m (Bowser 1957). Anderson (1982) found that optimal leaf temperatures for 
photosynthesis in Tamarix were between 23° and 28° C. These temperatures occurred 
early in the day when evaporative demand was low.
In some circumstances, Tamarix has the ability to take advantage of flooding when 
native species are damaged by floods. This often results in changes in vegetation 
structure and species composition (in favor of saltcedar) in areas prone to flooding. 
Shallow-rooted species are often removed during a flood, whereas deeper-rooted species 
like Tamarix, Salix, Prosopis, and Acacia can remain intact. Saltcedar also shows a much 
greater colonization rate on soils that have been inundated by flood waters than Prosopis 
does (Stevens and Waring 1985). In areas that are already dominated by large stands of 
dense saltcedar, the passage of floodwaters are slowed and blocked and thus spread out 
and cover a wider area. This further increases the extent of the area which new seedlings 
can colonize (Robinson 1965). Seedlings of Tamarix can tolerate total inundation for up 
to four weeks (Horton et al. 1960). Adult plants can also tolerate inundation for up to 
about 100 days as well as complete submergence for 70 days (Warren and Turner 1975). 
Tamarix roots can tolerate inundation for a period of time. Gary (1963) found functional 
roots extending more than 60 cm into the ground-water table. These attributes allow 
saltcedar to survive fluctuating water levels found around the shores of the many of the 
lakes produced behind dams and catchment basins throughout the region.
Before the introduction of saltcedar, fires in floodplain areas existed, but only 
rarely, so many native riparian species have not evolved to be "fire adapted". In contrast, 
saltcedar thickets bum much more frequently because of their dense growth habit and the
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build up of leaf litter on the ground. Adult Tamarix plants resprout vigorously following 
a fire, making it a fire tolerant species. Fire has been found to increase soil salinity and 
boron levels, which saltcedar plants are tolerant to, but native species are less so (Busch 
and Smith 1993). This relatively new fire regime in southwestern desert riparian areas has 
contributed to the gradual replacement of native vegetation by Tamarix (Busch 1995).
As with many introduced exotics, saltcedar has few natural enemies in terms of 
insects or grazers in its new environment to help keep populations in check. Several 
studies have found a few native insect species that have adapted themselves to use 
saltcedar, but populations of these are neither as diverse as those in native vegetation nor 
are in large enough quantities to actually affect Tamarix population numbers. Searches 
for possible agents for biological control have also met with very limited success and 
these types of programs have thus not been implemented on a large scale.
In recent years, concern over the effects that Tamarix species may have in altering 
all parts of native riparian ecosystems has arisen. Hunter (1984) listed Tamarix invasion 
as one of the factors contributing to the decline of riparian habitat and thus the decline of 
several bird species in the lower Colorado River in southern California. Engel-Wilson and 
Ohmart (1978) found higher bird population densities and diversities in mature 
cottonwood-willow communities than in mature Tamarix stands along the lower Rio 
Grande River, Texas.
In one study, data collected over a 4 year period provides the most information 
concerning vegetation/avian community interactions in this region to date (Anderson and 
Ohmart 1977, Anderson et al. 1977, 1981, 1983, Cohan et al. 1978, Meentsetal. 1983,
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Rice et al. 1983a,b, Hunter et al. 1985, 1988). Monson (1949) conducted a 3 year study 
of the middle section of the lower Colorado River Valley in which 56 bird species were 
identified. Beidleman (1971) noted that in a northeastern Colorado River bottomland in 
Pueblo Co., Colorado, where Tamarix had taken over, avian density and diversity 
"seemed greatly reduced". However, Laudenslayer (1975) compared bird species 
diversity in three habitats along the lower Colorado River during the spring and summer 
months of 1971 and reported species diversity indexes (H^) of 2.33, 2.41 and 2.40 for 
honey mesquite, honey mesquite-screwbean mesquite and screwbean mesquite-Tamoror 
communities, respectively. Cohan et al. (1978) found in a three year study along the 
lower Colorado that most avian species avoid Tamarix stands, but a few species 
preferred them or occurred in greater numbers in mixed stands of Tamarix and native 
vegetation than in pure stands of either. Brush (1983) gives the first report of ladder- 
backed woodpeckers nesting in Tamarix in the lower Colorado River Valley. Hunter et al. 
(1985, 1988) found many bird species using Tamarix communities in all seasons on the 
middle Pecos River but, in contrast, found only a few species occurring in the same type 
of habitat along the lower Rio Grande and Colorado Rivers. Brown and Trosset (1989) 
found that the presence of Tamarix in the Grand Canyon actually enhanced the breeding 
habitat for 11 bird species and was the equivalent of native vegetation for some others. 
Brown (1992) found that 94% of the nests of the black-chinned hummingbirds that he 
studied in the Grand Canyon were located in Tamarix and felt that maintenance of this 
bird’s populations depends on the existence of Tamarix stands.
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Lake Mead National Recreation Area consists of approximately 6,000 km^ in 
southern Nevada, the borders o f which surround the water that is backed up behind 
Hoover Dam and Davis Dam. It contains numerous riparian areas of various sizes, 
including both ephemeral and permanent stream courses as well as the lake shores of 
Lakes Mead and Mohave. The stream areas contain native vegetation, but many of them 
have been invaded by Tamarix, as have portions of the lake shore. Some 314 bird 
species have been reported to occur in LMNRA, many of which seem dependent on 
riparian habitats to one degree or another (Red Rock Audubon Society 1991). The 
National Park Service is currently working to control Tamarix within the recreation area, 
however, no studies have been published on the relationships between this plant and bird 
populations in this area.
Objectives and Hypotheses
Results from preliminary investigations in LMNRA show that birds may use the 
large stands of almost pure Tamarix that occur along the lake shoreline to a greater degree 
than previously thought and that this unique habitat, that has been only recently created 
(since 1983), is supporting bird communities that do not occur elsewhere. Preliminary 
bird surveys of the main riparian areas within LMNRA indicate that approximately 90% 
of the species are partially or wholly insectivorous. Food abundance can be a much better 
indicator o f habitat use by birds than vegetative measurements alone, (Brush and Stiles, 
1986), but only one previous study of avian use of southwestern riparian areas has
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investigated prey abundance as a factor affecting these associations (Cohan et al., 1978). 
The removal and/or control of established Tamarix stands is often expensive, labor 
intensive and rarely completely successful (Watts et al., 1977; Neill, 1983; Coffey,
1987; Kerpez and Smith, 1987). This study was undertaken by the Harry Reid Center 
for Environmental Studies in cooperation with the National Park Service to gain further 
information on the interactions of riparian bird populations, arthropod prey abundance 
and riparian vegetative structure within LMNRA and to help understand how Tamarix 
control programs might affect avian populations here.
Objective 1:
To measure certain aspects of the vegetation communities on the sites selected for 
avian population investigations.
Six riparian areas of similar size located within, or close to, LMNRA were used as 
study sites (Fig. 1-1). Each of three types of riparian habitat were represented by two 
sites, the locations of which were as follows:
Native Sites: Site 1 - Grapevine Canyon at 35°13’N, 114° 41’W, 2.7 ha at 795 m elev.
Site 2 - Sacaton Wash at 35°14’N, 114°40’W, 2.5 ha at 683 m elev.
Mixed Sites: Site 1 - Hiko Springs at 35°10’N, 114°41’W, 2.5 ha at 593 m elev.
Site 2 - Overton Site at 36°22’N, 114°25’W, 2.6 ha at 423 m elev.
Tamarix Sites: Site 1 - Saddle Cove at 36°04’N, 114°48’W, 2.9 ha at 355 m elev.
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Site 2 - Boulder Bay at 36°03’N, 114“48’W, 2.9 ha at 355 m elev.
Data collection and analysis included: a) Recording all species of perennial plants 
that occurred on each study site to calculate species richness of this vegetation.
b) Measurement of canopy coverage of perennial vegetation on each study site to 
determine percentage of Tamarix and to calculate perennial species diversity.
c) Measurement of relative foliage volume of Tamarix and native vegetation at three 
heights on each site.
All vegetation measurements were taken once each season from December, 1994
to November, 1995. Perennial plant species richness was determined by walking the
entire area of each site and identifying all species found. Measurement of perennial
vegetation cover was done by plot sampling. Twenty, 5 m radius circular plots were used
to sample each site. Relative cover of perennial species within the plots was estimated
using the relevé method, (Daubenmire, 1959). Species diversity indices for each site were
calculated using the Shannon - Weiner Index as presented in Begon et al. (1990):
H = -X  (Pi )(loge Pi )/*/
where H = index of species diversity, S = number of species and pi = proportion of the 
total sample belonging to the i th species based on relative cover estimates.
Foliage volume was measured using the method described by Mac Arthur and Mac Arthur 
(1961). Measurements were made at random points in the upper, middle and lower 
canopy on each site.
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Hypothesis 1: Because of negative interspecific interactions between Tamarix 
ramosissima and native riparian plant species, perennial plant species richness and 
diversity will be highest on Native Sites, moderate on Mixed Sites and lowest on Tamarix 
Sites.
Objective 2:
To collect and analyze data on seasonal arthropod abundance on the sites selected 
for avian population investigations.
Data collection and analysis included: a) Monthly arthropod collections that were 
dried and weighed to calculate relative arthropod biomass by vegetation type for each site. 
Arthropods were sampled on each site once per month from December, 1994 to 
November, 1995. Collection methods followed Brush and Stiles (1986) and were from 
randomly selected foliage clusters from the upper, middle and lower canopy heights. 
Relative arthropod biomass indexes for each site by month were calculated using the 
following equation:
[(Mn)(V„) + (Mt)(Vt)] = Total mass arthropods (g/layer/site) 
where M„ and M; = mean masses of arthropods (g/m^) for a given layer in native and 
Tamarix vegetation, Vp and V( are the total volumes (m^) for a given layer of native and 
Tamarix vegetation per site.
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Hypothesis 2: Because of specific associations between arthropod species and riparian 
plant species, arthropod biomass will be highest on Native Sites, moderate on Mixed Sites 
and lowest on Tamarix Sites.
Objective 3:
To investigate avian species richness, diversity and density of three types of 
riparian communities in Lake Mead National Recreation Area.
Weekly surveys of each site were conducted firom March 1, 1994 to November 
30, 1995 to record bird species occurring there. The surveys consisted of systematic 
searches that afforded a view of as close to 100% of each area as possible. The direction 
walked on the surveys were alternated each week to prevent any bias in observation firom 
this factor. Surveys were conducted at times of peak bird activity and excessively hot, 
cold or windy periods were avoided (Fig. 1-2). Birds were identified by sight with the 
use o f binoculars, and by song when possible. Data recorded included the species, 
number, sex (when possible), vegetation type the bird was first observed in and whether 
they were in edge habitat (defined as within 10 m of the edge of the riparian vegetation 
zone) or in the interior.
Mean monthly species richness and diversity were calculated for each site type. 
Avian species diversity indices were calculated using the Shannon - Weiner function.
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Mean monthly avian population densities were calculated for each site type overall and 
for edge and interior habitats separately.
Hypothesis 3: Because of increased food resources in the form of arthropods, riparian 
areas with high arthropod biomass will be able to support avian communities with higher 
diversities and densities than areas of low arthropod biomass.
Objective 4:
Analyze data collected to determine if possible relationships exist between avian 
community factors (species richness, diversity and density) and other habitat factors.
Correlations were constructed to determine relationships between the three avian 
community factors (species richness, diversity and density) and the six other habitat 
factors (perennial species richness, perennial species diversity, percent relative cover 
Tamarix, percent total cover native vegetation, foliage volume and arthropod biomass). 
Models were constructed to determine predictors of avian species richness, diversity and 
density.
Hypothesis 4: Because of positive relationships between riparian perennial plant 
diversity and arthropod biomass, and between arthropod biomass and avian species 
diversities and densities, avian species richness, diversities and densities will be highest in 
Native Sites, moderate in Mixed Sites and lowest in Tamarix Sites.
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CHAPTER2
STEM DIAMETER - AGE RELATIONSHIPS OF Tamarix ramosissima ON LAKE 
SHORE AND STREAM SITES IN SOUTHERN NEVADA
This chapter has been prepared to be submitted to The Southwestern Naturalist and is 
presented in the style of the journal. The complete citation is:
Haigh, S.L. 1997a. Stem diameter - age relationships of Tamarix ramosissima on lake 
shore and stream sites in southern Nevada. Southwestern Naturalist, xx:xx-xx.
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STEM DIAMETER - AGE RELATIONSHIPS OF TAMARIX RAMOSISSIMA ON 
LAKE SHORE AND STREAM SITES IN SOUTHERN NEVADA
Sandra L. Haigh
Department of Biological Sciences, University of Nevada, Las Vegas,
Las Vegas, NV 89154
ABSTRACT—Age profiles and age -stem diameter relationships were determined for 
four populations of Tamarix ramosissima growing in two habitat types in southern 
Nevada. Stream sites were found to have older populations with less recruitment and 
averaged slightly fewer number of growth rings/cm than lake shore populations. A 
significant relationship between age and stem diameter was found to exist and was similar 
on both site types. Values from this study are compared to previously published results 
from other areas.
In the early 1800’s, eight species of the genus Tamarix (saltcedar) were introduced into 
the United States from Europe, Asia, and Africa mainly for use as ornamental trees and 
shrubs. Some of these species escaped cultivation and become naturalized throughout 
various areas o f the southern portion of the country (Baum, 1967). Many aspects of this 
group’s life history have made it a superb competitor with native vegetation. In the 
desert Southwest, the characteristics of abundant seed production and dispersal, 
adaptation to a variety of soil types, tolerance of drought and saline conditions, and
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adaptation to fire, have allowed Tamarix ramosissima Ledeb. to become the dominant 
perennial plant in many desert riparian zones (Busch and Smith, 1995). Recently, an 
abundance of research surrounding the physiology and ecology of this plant has indicated 
the need for intense management actions in places where it occurs in order to restore 
riparian areas to their native plant (and associated animal) communities (Brock 1994).
The use of tree ring counts to establish the age o f trees and the construction of models 
that provide predictable relationships between age and stem diameter have been in 
existence for some time. Studies that provide data pertaining to the application of these 
techniques for Tamarix have been more recent. Age - stem diameter relationships for this 
species were presented by Brotherson et al. (1983) for a canyon site in Navajo National 
Monument, Arizona, and by Brotherson et al. (1984) for lake shore sites in central Utah. 
Smith (1989) presented these relationships for Tamarix from the Amargosa Desert and 
Death Valley National Monument, California. Brotherson et al. (1983) also constructed 
age profiles for the Arizona populations. Variations in the results of these studies and 
studies on other tree species demonstrate that these relationships can be quite variable 
from site to site depending on habitat attributes including climate, soil type, moisture 
availability, and length of growing season. Therefore, results from one study cannot 
always be accurately extrapolated to populations growing elsewhere (Brotherson et al., 
1980).
In light o f the need for data that is useful to both researchers and managers currently 
dealing with the problems associated with the spread of Tamarix in southern Nevada, and 
the lack of published age - stem diameter relationships and population profiles for both
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stream and lake shore habitats in this area, it was the objective of this study to provide 
this baseline information and compare it to the results of other studies. In addition, 
comparisons of these relationships for this one species as it grows in two different habitat 
types within the same climate will hopefully prove useful to future studies and 
management efforts by providing equations based on a particular site type that could be 
used for prediction purposes.
MATERIALS AND METHODS—Four study sites were located within central Clark 
County, Nevada (Fig. 1-1). This region is characterized by cool winters and hot, dry 
summers. Winter low temperatures average 0°C and summer high temperatures average 
39°C. Rainfall is slight and unpredictable, averaging only 7.5 to 10 cm per year. The two 
lake shore sites, Boulder Bay and Saddle Cove were both inside the boudaries of Lake 
Mead National Recreation Area (LMNRA) at 36°03’N, 114°48’W and 36°04’N,
114°48’W respectively, at an elevation of 355 m. One stream site. Blue Point Springs, 
was also within LMNRA at 36°23’N, 114°25’W at 450 m elev. The second stream site,
Whitney Mesa, was approximately 17 km to the west of LMNRA at 36°05’N, 114°
03’W at 540 m elev.
The two stream sites were spring fed. Both drained to the east and had surface water 
only intermittently during times of higher rainfall. Their courses were dominated by 
fairly dense stands of Tamarix but other perennial species included screwbean (Prosopis 
pubescens), arrowweed (Pluchea sericea), iodine bush (Allenrolfea occidentalis), and
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broom baccharis (Baccharis sarothroides) at Blue Point Springs and honey mesquite 
(Prosopis filandulosa), broom baccharis, and catclaw acacia (Acacia greggii) at Whitney 
Mesa. The two lake shore sites had very dense stands of nearly 100% Tamarix that 
extend between the low and high water marks of Lake Mead. These sites were 
periodically partially inundated as lake water levels were changed under the control of 
Hoover Dam. All four sites had silty, saline soils.
Fifty samples of stem cross sections were collected from each study site during the 
winter months of 1995-96. Stems were randomly selected by choosing two numbers as x 
and y coordinates from a random numbers table and locating these points on the site. 
Stems were cut approximately 30 cm above the ground using a chainsaw or hand saw.
The samples were polished smooth with fine sandpaper and then growth rings were 
counted twice. It was assumed that one growth ring corresponded to one year’s growth. 
Two separate measurements taken perpendicular to each other were averaged for the stem 
diameter. Regression equations of age on average stem diameter were calculated for each 
site, for the average of the two stream sites and the two lake shore sites, and for all four 
sites combined. Age profiles for each site were constructed.
RESULTS AND DISCUSSION—The results of calculations of number of growth 
rings/cm and equations for the regression of age on average stem diameter are presented in 
Table 2-1. Number of growth rings/cm ranged from a high of 2.63 at Boulder Bay to a 
low of 1.44 at Whimey Mesa. Differences in growth rings/cm were significant between 
the two lakeshore sites (P<.0001), between the two streamside sites (P<.0001), and
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between the combined lakeshore (2.33 rings/cm) and combined streamside (1.88 rings/cm) 
sites (P<.0001). These averages are lower than those found for Tamarix growing in Death 
Valley, California (3.44 and 3.32 rings/cm; Smith, 1989) and those found by Brotherson et 
al. (1983) for Tamarix in Navajo National Monument, Arizona (2.36 rings/cm) and at 
Utah Lake, Utah (7.68 rings/cm; Brotherson et al., 1984). Fewer number of growth 
rings/cm would tend to indicate a faster rate of growth. Streamside sites in this study 
may show a different growth rate than lake shore sites because of differences in water 
regimes, because of a less dense stand structure (reduced competition), or due to 
differences in comparing populations of different aged trees. It is unlikely that it is due to 
large variations in climate or length of growing season because of the close proximity of 
the sites to each other. However, differences in these results and those of the other 
studies may be due to any of these reasons or some combination thereof because of the 
distance between these three regions.
Both linear and power function regression models were applied to the data (Table 2-1, 
Fig. 2-1). All four populations of Tamarix in this study produced regression equations of 
age on average stem diameter that were significant at the .0001 level, except for Blue Point 
Springs, which was significant at the .0003 level for the linear model. This includes the 
combination of measurements firom the two stream sites, the two lake shore sites, and 
that firom all four sites together. Slopes of the linear regressions were only slightly 
different for the four populations ranging firom a high of 0.115 at Boulder Bay to a low of 
0.063 at Blue Point Springs (Table 2-1). The slope of the linear regression for all four 
sites combined in this study (0.14) is higher than that reported for northeastern Arizona
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(0.076; Brotherson et al., 1983), but is lower than those reported for three sites in Death 
Valley (0.2, 0.2, .25; Smith, 1989) and Utah (0.219; Brotherson et al., 1984). Power 
function models produced higher if values than linear models for Blue Point Springs, 
Saddle Cove, and the combination of the stream sites, the lakeshore sites, and all four 
sites. Values for r  ̂for the power function models were only slightly lower than that for 
the linear models for Whitney Mesa and Boulder Bay. These results indicate the 
existence of a rather constant relationship between age and stem diameter for this area.
Age profiles for the four sites are shown in Fig. 2-2. The mean ages for trees in the 
stands ranged from a high of 23.6 years at Blue Point Springs to a low of 3.5 years at 
Saddle Cove, with a mean of 16.9 years for the combined stream sites and 4.1 years for 
combined lake shore sites. Stream populations that have been established longer tended 
to have a greater number of trees in the older age classes and fewer in the younger age 
classes, indicating that recruitment is low. This pattern might be expected of an older 
stand of Tamarix that tends to become drier with age (Brotherson et al., 1984) and that 
tends to build up a thick layer of leaf litter that inhibits the establishment of seedlings.
The establishment and perpetuation of saltcedar populations along the lake shore are 
largely under the influence of fluctuating water levels. Tamarix seeds require a moist soil 
surface on which to germinate and so can become established on newly exposed surfaces 
when lake levels recede (Horton, 1960). On the other hand, seedlings and adult plants can 
be killed by long periods of inundation during high water periods (Horton et al., 1960).
The majority o f trees on the lake shore sites were in the 2 to 6 year old age classes with 
no trees over 7 years old. These stands contain almost no litter build up in areas close to
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the water because it is frequently removed by fluctuating lake levels. Consequently, these 
areas contain extremely dense stands of seedlings when moisture conditions are 
appropriate for their establishment (S. L. Haigh, pers. obser.), although the continued 
survival o f these recruits is probably regulated by intraspecific competition and 
inundation. It is unlikely that stands on these sites that are close to the shoreline will 
become more xeric with age due to the constant supply of groundwater provided by the 
lake. Stands located farther from the shore, that were established as a result of periods of 
unusually (and infrequent) high water, may be under different water regimes and thus 
respond differently over time in terms of recruitment and survival. Future studies of trees 
growing at different distances from the shoreline would be necessary to see if growth rates 
and age - stem diameter relationships vary within populations of this habitat type.
This work was frinded by a research grant from the Harry Reid Center for 
Environmental Studies, Las Vegas, Nevada. I would like to thank C. Deuser and J. Haley 
of the National Park Service for permission to use the study sites within LMNRA and 
E. Jacobson of the University of Nevada, Las Vegas and J. Dugan of the Clark County 
School District for access to Whimey Mesa. Comments by D. Baepler (Harry Reid 
Center), S. Smith (UNLV Biology Dept.), C. Douglas (USGS-BRD Cooperative Park 
Studies Unit, UNLV), and R. Baida (Northern Arizona University Biology Dept.) helped 
improve the manuscript.
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Fig. 2-1—Age as a function of average stem diameter for Tamarix ramosissima 
growing on a) stream and b) lake shore sites in southern Nevada.
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CHAPTERS
VEGETATION COMMUNITY STRUCTURE FOR SIX SOUTHERN NEVADA 
RIPARIAN ZONES WITH VARYING AMOUNTS OF Tamarix ramosissima
This chapter has been prepared to be submitted to The Southwestern Naturalist and is 
presented in the style of the journal. The complete citation is:
Haigh, S.L. 1997b. Vegetation community structure for six southern Nevada riparian 
zones with varying amounts of Tamarix ramosissima. Southwestern Naturalist, 
xxxx-xx.
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VEGETATION COMMUNITY STRUCTURE FOR SIX SOUTHERN NEVADA 
RIPARIAN ZONES WITH VARYING AMOUNTS OF TAMARIX RAMOSISSIMA
Sandra L. Haigh
Department of Biological Sciences, University of Nevada, Las Vegas,
Las Vegas, NV 89154
ABSTRACT—Species richness, species diversity, relative canopy coverage, and 
foliage volume were measured for perennial vegetation growing in six riparian zones with 
varying amounts of Tamarix ramosissima in Lake Mead National Recreation Area in 
southern Nevada. Species richness and diversity decreased on sites as amount of Tamarix 
increased based on relative canopy coverage measurements. Significant differences were 
found in foliage volumes o fTamarix growing on different site types at all three heights 
measured during various seasons. No differences in foliage volumes of native vegetation 
growing on different site types were found at any height in any season. Foliage height 
profiles based on foliage volumes measured at three different heights were constructed.
The importance of riparian ecosystems as areas of high productivity has been well 
established (Johnson and Jones, 1977; Johnson and McCormick, 1978; Knopf et al., 
1988). These habitats are generally more complex in physical structure and composition, 
both of which are attributes that have been related to increased biodiversity (MacArthur 
and MacArthur, 1961; Karr and Roth, 1971; Willson, 1974; Roth, 1976; Rotenberry,
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1985), and they often support unique communities of flora and associated fauna that are 
not found in areas outside the riparian zone. This contrast is especially evident in desert 
regions where water is scarce and riparian vegetation is concentrated along narrow stream 
courses that are flanked by large regions of drier habitat (Johnson and Haight, 1985; Szaro 
and Jakle, 1985). In the Desert Southwest, studies have related increased complexity of 
vegetative composition and structure in riparian zones to more diverse faunal 
assemblages, especially birds (Anderson and Ohmart, 1977; Anderson et al., 1983; Rice 
et al., 1984).
In recent years, concern has arisen over the effects that exotic shrubs of the genus 
Tamarix may have in altering Southwestern riparian ecosystems. Members of this genus 
were introduced into the United States in the early 1800’s, mostly as ornamental shrubs, 
and have escaped cultivation and become naturalized to varying degrees throughout the 
region. Results from studies of the effects o fTamarix on vegetation communities have 
found, in general, that this exotic shrub tends to out compete and eventually replace many 
native species due to several aspects of its life history including abundant seed production 
and dispersal, rapid seedling establishment, salt tolerance, and adaptation to fire (Bowser, 
1957; Warren and Turner, 1975; Stevens and Waring, 1985; Howe and Knopf, 1991; 
Busch and Smith, 1993,1995; Brock, 1994).
The Lake Mead National Recreation Area (LMNRA) occupies approximately 600,000 
ha in southern Nevada, the borders of which surround the water that is contained behind 
Hoover and Davis Dams. It contains numerous riparian areas of various sizes, most of 
which are ephemeral stream courses as well as the shores of Lakes Mead and Mohave.
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The stream areas contain some native riparian vegetation but many o f them have been 
invaded to varying degrees by the deciduous species, Tamarix ramosissima, as have 
portions of the lake shores. The National Park Service has implemented management 
programs to remove Tamarix from some of these areas and revegetate with native species. 
However, resources for these programs are limited and control efforts must be 
concentrated in the most critical areas first. Very little published research exists that 
focuses on the effects o fTamarix in riparian communities within LMNRA stream sites 
and virtually none exists on the lakeshore zones which, although man-made and thus 
somewhat “artificial”, represent a vast area. Therefore, it was the objective of this study 
to measure and compare perennial species richness, diversity, canopy coverage, and 
foliage volume of three types of riparian zones within LMNRA. The three riparian zone 
types consist of lakeshore regions of almost pure Tamarix stands, stream sites that are a 
mix o fTamarix and native vegetation (“mixed sites”), and stream sites that have been 
cleared o fTamarix (and that are being maintained in this state) that contain only native 
vegetation. It was the intent of this study to provide information that may be used by 
researchers and managers to help further understand the dynamics of these unique plant 
communities and to help guide them in future Tamarix control efforts.
MATERIALS AND METHODS—Six study sites were located in the Mojave Desert, 
in or near LMNRA, Clark County, Nevada (Fig. 1-1). This region experiences cool 
winters and hot, dry summers. Winter low temperatures average 0°C and summer high
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temperatures average 39®C. Rainfall is slight and unpredictable, averaging only 7.5 to 10 
cm per year.
Boulder Bay and Saddle Cove (2.9 ha each at 355 m elev.) were lakeshore sites on the 
northern shore of Boulder Basin (36°03’N, 114“48’W and 36°04’N, 114°48’W
respectively) with dense stands of Tamarix that averaged 4.1 years of age. Hiko Springs 
(35°10’N, 114°41’W; 2.5 ha at 593 m elev.) and Overton (36°22’N, 114°25’W; 2.6 ha at 
423 m elev.) were stream mixed sites located in canyons with Tamarix stands 
concentrated along the water courses (average age 11.8 and 19.8 years respectively) and 
native vegetation on either side extending out to the canyon walls. Tamarix trees on these 
four sites were aged using the equations presented in Haigh (1997a). Sacaton Wash 
(35°14’N, 114°40’W; 2.5 ha at 683 m elev.) and Grapevine Canyon (35°13’N, 114°
41’W; 2.7 ha at 795 m elev.) were also stream sites in canyons that were cleared of 20 to 
30 year old Tamarix trees from 1989 to 1992 (C. Deuser, pers. comm.), and consisted of 
only native riparian vegetation communities during this study.
The two lakeshore sites have silty, saline soil and are periodically partially inundated 
with water as lake levels fluctuate under the control of Hoover Dam. All four stream sites 
are spring fed, with surface water usually present during times of increased rainfall. 
Throughout the course of this study, only Hiko Springs had permanent surface water, 
while Overton, Sacaton Wash, and Grapevine Canyon had surface water from 
approximately December to June each year. Overton had silty, saline soil while Sacaton 
Wash and Grapevine Canyon had quartz monzonite-derived, gravely soil.
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Species richness, species diversity, canopy coverage, and foliage volume of perennial 
species were determined for each site once during each season (December, March, June, 
and September) from December 1994 to September 1995. Species richness was measured 
by walking the entirety of each site and identifying and counting all species encountered. 
Identification was made with the aid of Munz (1974). Species diversity indices for each 
site were calculated using the following Shaimon-Weiner Index as presented in Begon et al. 
(1990):
H = (Pi) (loge Pi)
were H = index o f species diversity, s = number of species, and Pi = proportion of the 
total sample belonging to the i*** species based on relative cover estimates. Canopy 
coverage was determined using the relevé method (Daubenmire, 1959) with 20, randomly 
placed, 5 m radius circular plots measured on each site, each season. The following six 
coverage classes were used when estimating cover of each species in the field: Class 1,0 
to 5%; Class 2, 5 to 25%; Class 3, 25 to 50%; Class 4, 50 to 75%; Class 5, 75 to 95%; 
Class 6, over 95%. For calculations, the median percentage value of each class was used 
(i.e. Class 1 = 2.5%, etc.). Relative cover for species diversity calculations equaled 
percent cover divided by total cover of all species per plot.
Foliage volume was determined for low (.3 m above ground), middle, and top 
horizontal layers of vegetation using the method described by MacArthur and MacArthur 
(1961) and the following formula:
k = loge 2 /D
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where k = foliage volume, and D = distance between observer and board at which foliage 
obscured half of the board surface. Measurements were taken at 20 randomly placed 
points each season on the lakeshore sites and the stream sites with only native vegetation. 
On sites with both Tamarix stands and native vegetation, foliage volume measurements 
were taken at 10 randomly placed points in each vegetation type. Foliage height profiles 
were constructed for each site for summer months when most plants had leaves and for 
winter months when deciduous species were leafless. Statistical analyses were performed 
to determine if differences existed in vegetation measurements between site types, 
vegetation types and layers, and seasons.
RESULTS AND DISCUSSION—A total of 110 species of perennial plants were found 
on the six sites over the course of the study (Table 3-1). Occurrences of species by site 
are as follows: 6 species (5.5% of total) at Saddle Cove, 12 species (10.9%) at Boulder 
Bay, 35 species (31.8%) at Overton, 44 species (40%) at Hiko Springs, 69 species 
(62.7%) at Grapevine Canyon, and 60 species (54.5%) at Sacaton Wash. Of the 110 
species, only 2 (Larrea tridentata and Pluchea sericea) occurred on all 6 sites; 1 species 
(Encelia farinosa) occurred on 5 sites; 11 species occurred on 4 of the sites; 22 species 
occurred on 3 sites; 25 species were on 2 sites, and 49 species were found on only 1 site.
Relative canopy coverage measurements (as averaged over 4 seasons) for each site for 
Tamarix and native vegetation, respectively, were as follows: Boulder Bay, 92.5%
Tamarix and 7.5% natives; Saddle Cove, 99.4% and 0.6%; Hiko Springs, 34.1% and 
65.9%; Overton, 37.4% and 62.6%; Sacaton Wash, 0% and 100%; Grapevine Canyon,
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0% and 100%. Results of species diversity index calculations are presented in Table 3-2. 
Values for the lakeshore sites were lowest (x = 0.084), those for the streamside sites with 
both Tamarix and native vegetation were intermediate (x= 0.736), and those for the 
streamside sites with no Tamarix were highest (X= 1.339) (Fig. 3-1). No significant 
differences could be found for species diversities between seasons on any one of the sites. 
However, significant differences were found between all sites at the P < .0001 level with 
the exception of that between Hiko Springs and Overton (P = .0003) and between 
Grapevine Canyon and Sacaton Wash which were not significant These findings are 
consistent with other studies in which an increasing amount o fTamarix leads to a decrease 
in diversity of native vegetation (Howe and Knoff, 1991; Brock, 1994; Busch and Smith, 
1995; Shafi-othetal., 1995).
Foliage volume measurements are shown in Fig. 3-2. When comparing differences 
between like site types, no significant differences were found in foliage volumes in any 
season at any height between Tamarix stands of Boulder Bay and Saddle Cove, between 
Tamarix stands of Overton and Hiko Springs, or between native vegetation of Sacaton 
Wash and Grapevine Canyon. A significant difference was found between foliage 
volumes at the lower layer of the native vegetation of Hiko Springs (.407 mVm^) and 
Overton (1.398 m^/m^) in September (P = .0003). This difference might be influenced by 
the fact that the compositions of the native vegetation communities of these two sites 
were more different fi"om each other than those of Sacaton Wash and Grapevine Canyon. 
These sites also have different soil types and are located futher firom each other.
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When comparing differences in foliage volumes between different site types, no 
significant differences were found in any season at any layer between native vegetation on 
sites with Tamarix (Hiko Springs and Overton) and those without (Grapevine Canyon 
and Sacaton Wash). Significant differences (P<.0001) occurred in foliage volumes 
between Tamarix stands on the lake shore sites and those at Hiko Springs and Overton in 
the top layer in March, in the middle layer in all four months, and in the lower layer in 
December, March, and June.
Foliage height profiles based on foliage volume measurements are shown in Fig.3-3. 
Average maximum height of vegetation for each site was as follows: Boulder Bay and 
Saddle Cove (Tamarix), 2.20 and 2.08 m, respectively; Hiko Springs (Tamarix), 5.13 m; 
Hiko Springs (native), 1.98 m; Overton (Tamarix), 5.5 m; Overton (native), 3.65 m; 
Grapevine Canyon (native), 2.73 m, Sacaton Wash (native), 2.08 m. Differences between 
maximum height o fTamarix were not significant between like site types but were 
significant between lakeshore sites and the two sites with both Tamarix and native 
vegetation (P<.0001). These differences were undoubtedly due to the differences in the 
age of the stands. Differences between maximum height of native vegetation were not 
significant between any of the sites. With the exception of the mature Tamarix stands at 
Hiko Springs and Overton, foliage height profiles for all of the stands in both summer and 
winter showed a general trend of lowest foliage volume at the top of the vegetation with 
increasing amounts as measurements approached the ground. During the summer months, 
when the mature Tamarix stands had foliage, maximum foliage volume was in the middle 
canopy layer, with a lower amount toward the ground that reflected the open area that
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occurred beneath these trees. This open area was not occupied to any significant extent 
by any other type of vegetation and had a heavy build up o fTamarix litter.
In summary, the establishment o fTamarix in riparian sites tends to reduce both 
perennial species richness and perennial species diversity. Management efforts to 
maintain biodiversity in these areas should include the removal of this species. In 
addition, revegetation with native species that have been displaced by Tamarix should be 
considered. Although the presence of older Tamarix trees tended to increase the overall 
foliage height of the sites in this study, this same result could be achieved by replanting 
areas with native tree species.
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of Nevada, Las Vegas Biology Dept.) provided assistance in plant identification. D. 
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Table 3-2—Perennial species richness and species diversity indexes for six riparian 
zones in LMNRA, southern Nevada.
Site Species Richness Species Diversity Index, H
Boulder Bay 12 0.145
Saddle Cove 6 0.023
xLakeshore Sites 9 0.084
Overton 35 0.567
Hiko Springs 44 0.905
xStreamside, Mixed Veg. 40 0.736
Grapevine Canyon 69 1.373
Sacaton Wash 60 1.304
xStreamside, Native Veg. 65 1.339
X Overall 38 0.721
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Fig. 3-1--Perennial species richness (a) and diversity (b) on six riparian sites 
with varying amounts o f Tamarix ramosissima in LMNRA, southern Nevada.
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Fig. 3-3—Foliage height profiles for perennial vegetation in six riparian zones, LMNRA, 
southern Nevada.
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CHAPTER4
SALTCEDAR {Tamarix ramosissima), AN UNCOMMON HOST FOR 
DESERT MISTLETOE {Phoradendron californicuni)
This chapter has been accepted for publication in The Great Basin Naturalist and is 
presented in the style of the journal. The complete citation is:
Haigh, S. L. 1996. Saltcedar {Tamarix ramosissima), an uncommon host for desert 
mistletoe {Phoradendron californicum). The Great Basin Naturalist 56:186-187.
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The genus Tamarix (saltcedar) contains approximately 54 species of phreatophytic 
plants whose origins are in Europe, Asia and Africa. Several members of the genus were 
introduced into the United States in the early 1800’s, mainly as ornamental plants. 
Approximately 8 species have since escaped cultivation and have become naturalized to 
varying degrees (Baum 1967). Tamarix ramosissima Ledeb. has become established in 
riparian areas throughout the west and southwest, where it has proven to be an aggressive 
invader that eventually displaces native vegetation.
Desert mistletoe {Phoradendron californicum Nutt.) is a native parasitic plant that 
grows on several species of riparian plant hosts. Its range includes southern Nevada, 
southwestern Utah, southeastern California, southwestern Arizona, and northern Baja 
California, Sonora, and Sinaloa (Benson and Darrow 1981). Previously published 
information on hosts for desert mistletoe include Blumer (1910), Shreve and Wiggins 
(1964), Walters (1976), Daniel and Butterwick (1992), and Overton (1992), none of 
which mention T. ramosissima. Holland et al. (1977) and Benson and Darrow (1981) 
only state “saltcedar” and “the introduced tamarisks” as possible hosts while Munz and 
Keck (1965) and McDougall (1973) list Tamarix but with no mention of any particular 
species. Cohan et al. (1978) state that P. californicum does not occur in saltcedar. This 
paper describes two occurrences of P. californicum on T. ramosissima in southern 
Nevada.
I found the first parasite and host specimen on 27 June 1995 at Hiko Springs in Clark 
County, Nevada, approximately 11 km west of Laughlin along State Highway 163 
(3,894,000 N 711,650 E) at an elevation of 605 m. A second specimen was found on this
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host tree on 16 October 1995. Voucher specimens from one parasite and host are 
deposited in the Department of Biological Sciences herbarium. University of Nevada, Las 
Vegas, accession number 38971.
The host tree was growing in a canyon approximately 2 m from a small, flowing 
stream on quartz monzonite derived-soil. The first mistletoe clump measured 33 cm long 
X 32 cm high x 14 cm wide and was growing on the southwest side of a branch 2.1 m 
above the ground. The branch to which the mistletoe was attached measured 5.2 cm in 
diameter and 16.2 cm in circumference. The length of the branch from trunk to point of 
mistletoe attachment was 2.1 m. The trunk base of the 5 m high saltcedar measured 8 cm 
in diameter and 29 cm in circumference which would indicate an age of approximately 24 
years (based on average value of California and Arizona sites as reported by Smith 1989). 
The second mistletoe also faced southwest and was located on the main trunk of the tree 
.9 m above the ground. It was a newly sprouted plant that consisted of only 12 stems, 
the longest of which measured 4 cm. Both mistletoes and the host tree appeared to be 
healthy, actively growing specimens. The parasites were young plants and were a more 
vivid green than other mistletoes in the area. Sex of the mistletoes could not be 
determined.
Other hosts for P. californicum at this site include catclaw acacia {Acacia greggii), 
honey mesquite {Prosopis glandulosa), and creosote bush {Larrea tridentata). Although 
many other Tamarix trees occur here, none have been infected by mistletoe. Desert 
mistletoe is usually spread from host to host by birds which ingest the seeds and later 
defecate them onto a branch. Two bird species that occur frequently at this site and have
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
75
been seen feeding on mistletoe and perching in saltcedar are the phainopepla (Phainopepla 
nitens) and the northern mockingbird {Mimus polyglottes) (pers. obs.).
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CHAPTERS
SEASONAL ARTHROPOD RICHNESS AND ABUNDANCE IN SOUTHERN 
NEVADA RIPARIAN ZONES WITH VARYING AMOUNTS OF
Tamarix ramosissima
This chapter has been prepared to be submitted to Environmental Entomology and is 
presented in the style of the journal. The complete citation is:
Haigh, S.L. 1997c. Seasonal arthropod richness and abundance in southern Nevada 
riparian zones with varying amounts o f Tamarix ramosissima. Environmental 
Entomology, xxxc-xx.
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ABSTRACT Arthropod diversity and abundance was measured in three different types 
of riparian sites in Lake Mead National Recreation Area, NV, from December, 1994 to 
November, 1995. Site types were designated by the amount of the exotic shrub, Tamarix 
ramosissima Ledeb. present, and ranged from 0% to nearly 100% relative canopy 
coverage. Arthropods were sampled monthly from three vegetation layers, were 
identified to family, and then dried and weighed to determine sample biomass. Estimates 
of biomass in g/m^ and in g/ha were calculated for each site. Taxonomic diversity was 
highest in the sites with no T. ramosissima and lowest in sites with little native 
vegetation. Significant differences were found in arthropod abundance between native 
vegetation and T. ramosissima. The presence of this invasive shrub appears to increase 
overall arthropod abundance but decrease diversity in the areas studied.
KEY WORDS Tamarix ramosissima, arthropod, abundance, diversity.
The importance of riparian ecosystems as areas of high productivity (Johnson and Jones, 
1977; Johnson and McCormick, 1978; Knopf et al., 1988) and increased biodiversity 
(MacArthur and MacArthur, 1961; Karr and Roth, 1971; Willson, 1974; Roth, 1976; 
Rotenberry, 1985) is well known. In the desert regions of the southwestern United 
States, the presence of permanent or semi-permanent water produces riparian zones of 
complex physical structure and composition that support unique communities of flora 
and associated fauna not found in the surrounding drier habitats.
In the early 1800’s, approximately eight species of the plant genus Tamarix 
(saltcedar), that are indigenous to Eurasia, were introduced into the United States. Some
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of these species have escaped cultivation and become naturalized to varying degrees in 
riparian areas throughout the southwestern U.S. (Baum 1967). In recent years, concern 
has arisen over the effects that Tamarix may have in altering southwestern desert riparian 
ecosystems. Results from studies of the effects of Tamarix on vegetation communities 
have generally found that this exotic shrub tends to outcompete and eventually replace 
many native plant species (Bowser, 1957; Warren and Turner, 1975; Stevens and Waring, 
1985; Howe and Knopf, 1991; Busch and Smith, 1993, 1995; Brock, 1994). A loss of 
native vegetation may, in turn, lead to changes in associated faunal communities.
Previous studies o f arthropod species associated with Tamarix have focused primarily 
on those assemblages occurring in its native habitats (Gerling et. al 1976, Abou-Awad and 
El-Borolossy, 1995). Hopkins and Carruth (1954) provided a list of insects associated 
with saltcedar near the Gila, Salt and Colorado Rivers in southern Arizona but did not 
include information pertaining to abundance. Cohan et. al (1978) measured the biomass 
of insects using the sweep method in six riparian types along the lower Colorado River 
but did not indicate the taxonomic groups collected. Stevens (1985) compared 
invertebrate herbivore communities on Tamarix and Salix growing in the Grand Canyon, 
Arizona.
The Lake Mead National Recreation Area (LMNRA) in southern Nevada encompasses 
approximately 600,000 ha of the Mojave Desert, with borders that surround the water 
that is contained behind Hoover and Davis Dams. It contains widely scattered riparian 
areas of different sizes, most of which are along ephemeral stream courses, as well as the 
shoreline regions of Lakes Mead and Mohave. The stream areas contain varying amounts
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
80
of native riparian vegetation, but many of them have been invaded to some degree by the 
deciduous species, Tamarix ramosissima Ledeb., as have large portions of the lake 
shores. The National Park Service has implemented a control program for Tamarix in 
several riparian zones within LMNRA. Additional ecological data will help concentrate 
these efforts most efficiently.
No previous studies have been done that compare both abundance and composition 
of arthropods in LMNRA riparian areas that have been invaded by Tamarix to similar 
areas that remain free of this exotic. Furthermore, no information of this kind exists on 
arthropod communities that occur in Tamarix vegetation occupying lakeshores, a man 
made habitat that is relatively new to this region. The objective of this study was to 
determine both the taxonomic composition and abundance of arthropods found on the 
vegetation of riparian habitats within LMNRA that contain three different types of 
vegetation communities to test the hypothesis that as Tamarix invades these areas, both 
diversity and abundance of arthropods is reduced. The three riparian habitats were 
lakeshore areas with monospecific Tamarix stands, streamside areas with native species 
and no Tamarix, and streamside communities of “mixed” Tamarix and native species. 
Separate, monthly estimates of actual total abundance of arthropods were calculated for 
each of three vegetation layers in both Tamarix and native vegetation in each habitat type 
over the course of one year. In addition, comparisons of composition and abundance 
were made between two stands of young and two stands of old Tamarix trees.
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Materials and Methods
The areas used for this study were located in or near LMNRA, Clark County, Nevada 
(Fig 1-1). This region experiences cool winters and hot, dry summers. Winter low 
temperatures average 0®C and summer high temperatures average 39°C. Rainfall is slight 
and unpredictable, averaging only 7.5 to 10 cm per year (Fig. 1-2). A total of six study 
sites were each sampled monthly from December, 1994 to November, 1995. Boulder Bay 
and Saddle Cove (2.9 ha each at 355 m elev.) were located in the central portion of the 
recreation area on the north shore of Boulder Basin (36°03’N, 114°48’W and 36°04’N,
114°48’W respectively). Hiko Springs (35°10’N, 114°41’W; 2.5 ha at 593 m elev.), 
Sacaton Wash (35°14’N, 114°40’W; 2.5 ha at 683 m elev.), and Grapevine Canyon 
(35°13’N, 114° 41 ’W; 2.7 ha at 795 m elev.) were located in the southern portion of 
LMNRA and were drainages of the Newberry Mountains. The Overton site (36°22’N,
114°25’W; 2.6 ha at 423 m elev.) was in the northern extension of the recreation area 
between Echo Bay and Stewart’s Point and was a drainage from the Muddy Mountains. 
Boulder Bay and Saddle Cove were lakeshore sites consisting of almost pure stands of 
dense Tamarix (96% mean relative cover) that averaged 4 years of age. Hiko Springs and 
Overton were “mixed” sites consisting of native vegetation (64% mean relative cover) 
with stands of Tamarix trees (36% mean relative cover), averaging 12 and 20 years, 
respectively, growing along the stream course. All Tamarix trees on these four sites were 
aged using the equations of Haigh (1997a). The remaining two sites, Sacaton Wash and
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Grapevine Canyon, were composed of only native vegetation and were cleared of 20 to 30 
year old Tamarix trees from 1989 to 1992 (C. Denser, pers. comm.).
Three arthropod samples were taken from each of ten randomly chosen points once 
per month on the sites with only native or only Tamarix vegetation. One sample was 
taken from each o f the top, middle, and bottom layers. On the sites with both Tamarix 
and native vegetation, ten random samples were taken at the three layers from each plant 
group. At each sample point, a branch tip was inserted into a cloth net that was then held 
closed around the branch and shaken vigorously to dislodge all arthropods. Sample 
contents were then placed in plastic bags and frozen. Arthropods were sorted and 
identified to taxonomic order in all cases and to family in most. Classification followed 
Bland and Jaques (1978). The samples were dried in an oven at 60°C for 24 hours and
then weighed on an analytical balance (Mettler AE 166) accurate to 0.0001 g.
Estimates of mean arthropod biomass (g/m^) of each vegetation layer were made by 
dividing the mean mass of the ten samples by the net volume of .0236 m^. Estimates of 
total (g/site) mass of arthropods for each vegetation layer were calculated using the 
equation:
[(Mn)(VJ + (Mt)(Vt)] = Total mass arthropods (g/layer/site) 
where Mn and Mt are the mean masses of arthropods (g/m^) for a given layer in native and 
Tamarix vegetation, and Vj are the total volumes (m^) for a given layer of native and 
Tamarix vegetation per site. V„ and were calculated by multiplying the total area 
covered by each vegetation type (% total coverage x total area of site) by the layer’s
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height. Height of each layer was calculated by dividing the mean top height by 3. Details 
of methods of vegetation coverage measurement are presented in Haigh (1997b). Total 
biomass of arthropods per site, were divided by the site size (ha) to give final biomass 
calculations in g/ha. This method sampled only those arthropod populations occurring on 
the vegetation and did not sample the ground arthropod fauna.
Statistical analyses in the form of unpaired t-tests were performed to compare 
monthly biomass estimates between different site types, between different vegetation 
types and layers on each site, and to compare differences in estimates between sites 
during different months of the year. In addition, comparisons were made between 
arthropod biomass measurements determined for the older Tamarix stands of Hiko 
Springs and Overton and those of the younger stands o f Saddle Cove and Boulder Bay.
Results and Discussion 
A total of 53 families from 14 different orders of arthropods were collected over the 
course of the study (Table 5-1). The five orders Araneae, Hemiptera, Coleoptera,
Diptera, and Hymenoptera were found on all six sites as were the families Salticidae, 
Thomisidae, Araneidae, Reduviidae, Lygaeidae, Cicadellidae, Coccinellidae, 
Chrysomelidae, and Formicidae. With respect to families, sites with only native 
vegetation had the greatest arthropod richness, the mixed sites were intermediate and the 
sites with only Tamarix were the lowest (Fig. la). The greatest number of different 
families represented (16) was by the order Hemiptera, with the orders Coleoptera (11 
families), Diptera (8  families) and Araneae (6  families) following. Cicadellids represented 
the group of arthropods in which the most number of individuals were caught. This was
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due to the large quantities of Opsins stactogalus Fieber (tamarix leafhopper) found on 
Tamarix primarily in June from all 4 sites where it grew.
When averaged over the whole year, sites with mixed Tamarix and native vegetation 
had the highest estimated mean arthropod biomass (623.9 g/ha), the lakeshore sites with 
nearly all Tamarix were intermediate (362.9 g/ha) and the sites with only native 
vegetation had the lowest (258.3 g/ha) (Fig. 5-lb), however differences between these 
values were not significant. Fig. 5-2 shows the proportion of total arthropod biomass 
contributed by Tamarix and native vegetation for the mixed sites in terms of estimated 
g/ha for each month. When mean biomass was considered on a per area basis (g/ha) 
averaged over the whole year, differences in these proportions were significant at the P= 
.08 level. Native vegetation contributed more arthropod biomass to these areas in all 
months except May and October. In these months, Tamarix contributed more because of 
large increases in the number of O. stactogalus in this vegetation. When calculated on a 
per volume basis (g/m^), yearly averaged total biomass contributions from native and 
Tamarix vegetation were not significantly different (Fig. 5-3). When these values were 
compared for individual months, significant differences were found in May (f=.009) and 
June (P=.002). In May, native species contributed more due to increased aphid numbers 
in Phragmites australis Cav., and in June, high numbers of O. stactogalus in Tamarix 
made this species have greater biomass.
A total of 39 different species of native vegetation were sampled. Overall mean 
arthropod biomass for native vegetation was .051 g/m^. Mean arthropod biomass was 
highest in P. australis (.322 g/m^), mostly from aphids collected in May. This was
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followed by Senecio douglasii DC. (.186 g/m^), Sporobolus airoides Torr. (.178 g/m^), 
and Anemopsis californica Hook (.157 g/m^).
Monthly mean arthropod biomass estimates for each layer by site type are shown 
in Figs. 5-4, 5-5, and 5-6. All sites had their lowest biomass in the winter months, with 
an increase throughout spring until a yearly high was reached in May or June. Patterns 
varied in late summer and fall. The lakeshore sites, composed of nearly all younger 
Tamarix, returned to their lows by September and remained there throughout the fall (Fig. 
5-4). The two sites of only native vegetation decreased from May to July but showed a 
small increase that peaked in September and then decreased into the winter months (Fig. 
5-5). Sites o f mixed native vegetation and older Tamarix trees also showed an increase in 
fall biomass but this increase was larger than that on the pure native sites, due mostly to 
an increase in O. stactogalus in the Tamarix (Fig. 5-6). For statistical analysis, the year 
was divided into a first half (March through August) and a second half (September 
through December). Significant differences in biomass (g/ha) were found between these 
two halves for the lakeshore sites (P=.01) and the native sites (P=.005). No significant 
differences in biomass (g/ha) between any of the three layers in either vegetation type 
during any month was found.
Comparisons of taxonomic richness in Tamarix stands of different ages showed that 
the stand that averaged 12 years old had the highest richness (26 families), the oldest 
stand (average age 20  years) contained 20 different families and the two youngest 
lakeshore stands (average age 4 years) had 19 and 18 families. Comparisons of mean 
monthly arthropod biomass in Tamarix stands that averaged 4 and 19 years are shown in
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Fig. 5-7. Only the month of June showed a significant difference in arthropod biomass 
(g/m^) between these older and younger stands (f=.01). This difference was due to a 
greater quantity of O. stactogalus in the lakeshore Tamarix. This species, which was 
found almost exclusively in Tamarix, made up 37.7% by weight, and 47.6% by number, 
of all arthropods caught throughout the study. Within the younger stands of Tamarix, 
these percentages were 69.4% and 82.2%, respectively, and within the older Tamarix, 
were 54.7% and 60.8%, respectively.
The presence of Tamarix in these riparian zones appears to have increased overall 
arthropod biomass in May and October by contributing a large volume of vegetation that 
contains many individual arthropods (mostly O. stactogalus), but this increase is coupled 
with an overall decrease in taxonomic richness due to a lower arthropod diversity that 
occurred in this shrub compared to the native vegetation that it displaces.
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Fig. 5-1—Taxonomic richness (a) and mean arthropod biomass (b) on six riparian 
sites with varying amounts of Tamarix ramosissima, LMNRA, southern 
Nevada.
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Fig. 5-2—Proportion of mean monthly arthropod biomass (g/ha) in Tamarix 
ramosissima and native vegetation on two riparian sites, LMNRA, southern 
Nevada.
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Fig. 5-3—Mean monthly arthropod biomass (g/m^) in Tamarix ramosissima and 
native vegetation on two riparian sites, LMNRA, southern Nevada.
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Fig. 5-4—Mean monthly arthropod biomass estimates for two lake shore sites 
with dense stands of Tamarix ramosissima, LMNRA, southern Nevada.
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Fig. 5-5—Mean monthly arthropod biomass estimates for two stream sites with 
native vegetation, LMNRA, southern Nevada.
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Fig. 5-6—Mean monthly arthropod biomass estimates for two stream sites with 
mixed native vegetation and Tamarix ramosissima, LMNRA, southern Nevada.
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Fig. 5-7—Mean monthly arthropod biomass calculations for Tamarix 
ramosissima trees of two different age groups, LMNRA, southern Nevada.
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CHAPTER 6
SPECIES RICHNESS, DIVERSITY, AND DENSITY OF BIRDS IN LAKE SHORE 
AND STREAM RIPARIAN HABITATS OF SOUTHERN NEVADA
This chapter has been prepared to be submitted to The Condor and is presented in the 
style of the journal. The complete citation is:
Haigh, S.L. 1997d. Species richness, diversity, and density of birds in lake shore and 
stream riparian habitats of southern Nevada, xx:xx-xx.
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Abstract. Avian species richness, species diversity, and density were measured monthly 
over a 21 month period in six riparian sites in Lake Mead National Recreation Area 
(LMNRA), southern Nevada. Sites consisted of two lake shore areas with almost pure 
stands o f Tamarix ramosissima and four stream side areas, two with mixed Tamarix and 
native vegetation and two with only native vegetation. Overall mean species richness, 
diversity, and density were lowest on lake shore sites, intermediate on mixed stream sites 
and highest on stream sites with native vegetation. Differences in these values were 
significant between lake shore and stream sites and between stream sites for density. 
Perennial plant species that birds used in greater proportions relative to their abundance 
included Acacia greggii, Prosopis pubescens, Prosopis glandulosa and Larrea tridentata. 
Plant species that birds used less in proportion to their abundance included Phragmites 
australis and Baccharis sarothroides. Correlations were made using linear and nonlinear 
models for avian species richness, diversity, and density using each of perennial species 
richness, perennial species diversity, foliage volume, percent relative cover of Tamarix, 
percent total cover of native vegetation, and arthropod biomass to determine the best 
predictors o f bird community factors. Using linear models, arthropod biomass was the 
poorest predictor of the three bird community factors at all levels. Percent total cover of 
native vegetation was the best predictor of bird species diversity, richness, and density 
across the three site types. Values for were improved slightly by using various 
nonlinear models for all factors at all levels. Multiple linear regression was used to 
construct a model to predict each avian factor using the five vegetation factors across all 
six sites and across the three site types. Values for r̂  were similar for bird species
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diversity and richness and lower for bird density across all six sites. At the site type 
level, r  ̂values were higher, with the value for bird density being the highest.
Key words: Tamarix ramosissima, riparian birds, species diversity, species 
richness, population density.
INTRODUCTION
In recent decades, the ecological importance of riparian habitats as areas of high 
productivity and species diversity has been well recognized (Johnson and Jones, 1977).
In the desert Southwest, ecological differences between riparian areas and the surrounding 
drier habitats are especially apparent. Increased water availability creates habitats that 
are composed of unique vegetation communities capable of supporting denser animal 
populations and more diverse animal communities than the surrounding drier areas. These 
isolated habitats are especially important to bird populations that depend on the more 
complex vegetation structure and composition for breeding and wintering habitats as well 
as stop over areas for migration (Johnson and Haight, 1985; Szaro and Jakle, 1985).
Early studies of avian populations in the southwestern U.S. consist mainly of 
species lists and range distributions with only limited habitat information (Grinnell, 1914; 
Linsdale, 1951; Johnson, 1965; Wauer and Russell, 1967; Wauer, 1969; Banks, 1968; 
Austin and Bradley, 1971). More recent studies have investigated the relationships 
between bird communities and specific aspects of their habitats, mainly vegetation 
structure and composition (Austin, 1970; Baida, 1969,1975; Stamp, 1978; Szaro, 1981;
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Brotherson et al., 1981; Farley et al., 1994). Many studies of this type have focused on 
the changes in riparian areas brought about by invasion of the genus Tamarix (saltcedar).
Members of this genus were introduced into the United States in the early 1800’s, 
mostly as ornamental shrubs, and have escaped cultivation and become naturalized to 
varying degrees throughout the region. Results from studies of the effects of Tamarix on 
vegetation communities have found, in general, that this shrub tends to outcompete and 
eventually replace many native species due to several aspects of its functional biology, 
including abundant seed production and dispersal, rapid seedling establishment, salt 
tolerance, and adaptation to fire (Bowser, 1957; Warren and Turner, 1975; Stevens and 
Waring, 1985; Howe and Knopf, 1991; Busch and Smith, 1993, 1995; Brock, 1994). 
Specific results of studies of the effects of Tamarix on native riparian bird communities 
in the southwest are varied. Cohan et al. (1978) examined bird abundance in saltcedar 
with relation to insect abundance as a food resource along the lower Colorado River and 
found that significantly fewer insectivores used saltcedar than would be predicted on the 
basis of insect biomass. They also found that bird species that showed a preference for, 
or appeared not to avoid, Tamarix represented a minority of total species found in four 
types of riparian vegetation studied, and that insectivores and fi-ugivores seemed to show 
an intolerance for it. Meents et al. (1981) found that saltcedar generally did not support 
any avian species that were specialists with narrow habitat breadths. However, Brown 
and Trosset (1989) found that Tamarix stands along the Colorado River in the Grand 
Canyon represented the ecological equivalent of native habitat for 11 nesting bird species 
and that its presence has enhanced breeding habitat for them. Hunter et al. (1985, 1988)
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found that avian responses to saltcedar growing along the Pecos, Rio Grande and lower 
Colorado Rivers differed and felt that biogeographical and climatic (elevational) factors 
might explain these differences. In addition, seasonal differences in occurrence of 
insectivores and granivores in saltcedar on the three rivers was explained by differences in 
adjacent vegetation. They concluded that the use of data on avian response to saltcedar 
from just one river system for management considerations applied to other systems 
would result in serious errors and that further data on factors including insect biomass and 
relative bird use of saltcedar along an east-west gradient was needed.
The Lake Mead National Recreation Area (LMNRA) in southern Nevada 
encompasses approximately 600,000 ha of the Mojave Desert, with borders that 
surround the water that is contained behind Hoover and Davis Dams. This area contains 
widely scattered riparian areas of different sizes, most of which are along ephemeral 
stream courses, as well as the shoreline regions of Lakes Mead and Mohave. The stream 
areas contain varying amounts of native riparian vegetation, but many of them have been 
invaded by Tamarix ramosissima Ledeb., as have large portions o f the lake shores.
With the exception of Blake (1984), who conducted a seasonal analysis of bird 
communities along an environmental gradient at higher elevations, information on the birds 
of LMNRA is essentially restricted to checklist type publications (Blake, 1978; EremiCo, 
1991; Red Rock Audubon Society, 1991). Studies of ecological relationships of bird 
communities specific to riparian areas of LMNRA are nonexistent, yet these areas 
support more species of birds (at least 297) than any other habitat (Blake, 1978). The 
National Park Service has implemented a control program for Tamarix in several riparian
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
110
zones within LMNRA but has no information on the effects of Tamarix removal on bird 
communities specific to this area. This study investigated the relationship of bird species 
richness, diversity and density to plant species richness, plant species diversity, foliage 
volume, percent cover of vegetation, and arthropod biomass in six riparian zones in 
LMNRA that contain no, partial or almost pure stands of Tamarix ramosissima.
STUDY AREA
All six study sites were located in or near LMNRA in Clark County, southern 
Nevada (Fig. 1-1). This region is part o f the Mojave Desert where rainfall is 
unpredictable and averages only 7.5 to 10 cm per year. This area is characterized by hot, 
dry summers with an average daily maximum temperature of 39°C and cool winters with 
an average daily minimum temperature of Q°C (Fig. 1-2). Boulder Bay and Saddle Cove ( 
2.9 ha each at 355 m elev.) were located in the central portion of the recreation area on the 
north shore of Boulder Basin (36°03’N, 114°48’W and 36°04’N, 114°48’W, 
respectively). Hiko Springs (35°10’N, 114°41’W; 2.5 ha at 593 m elev.), Sacaton Wash 
(35°14’N, 114°40’W; 2.5 ha at 683 m elev.), and Grapevine Canyon (35°13’N, 114°
41 ’W; 2.7 ha at 795 m elev.) were located in the southern portion of LMNRA and were 
drainages of the Newberry Mountains. The Overton site (36°22’N, 114°25’W; 2.6 ha at 
423 m elev.) was in the northern extension of the recreation area between Echo Bay and 
Stewart’s Point and was a drainage from the Muddy Mountains. Boulder Bay and Saddle 
Cove were lake shore sites consisting of almost pure stands of dense Tamarix (96% mean
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relative cover) that averaged 4 years of age. Hiko Springs and Overton were “mixed” 
sites consisting of native vegetation (64% mean relative cover) with stands of Tamarix 
trees (36% mean relative cover), averaging 12 and 20 years, respectively, growing along 
the stream course (Haigh, 1997a). The remaining two sites, Sacaton Wash and Grapevine 
Canyon, were cleared of 20 to 30 year old Tamarix trees from 1989 to 1992 (C. Deuser, 
pers. comm.), and were composed of only native vegetation during this study.
METHODS
Bird surveys were conducted on each site once per week from March 1, 1994 to 
November 30, 1995. Each survey was completed by walking a set route within the site 
that offered the observer as close to 100% visual coverage of the area as possible in an 
effort to count 100% of the birds. The direction walked was alternated each week. 
Surveys started approximately one half hour after sunrise and an attempt to keep equal 
time spent on each was made. Excessively hot, cold or windy mornings when birds might 
be less active were avoided. It should be noted that this method probably tended to 
underestimate nocturnal species.
Data recorded on each bird sighted included species (names follow American 
Ornithologists’ Union 1983, 1985, 1989, 1993, 1995), number, and position within the 
site. Species were identified by site and/or song with the help of binoculars, field guides 
(Robbins et al., 1966; National Geographic Society, 1983), and by comparison to 
specimens in the collection of the Marjorie Barrick Museum of Natural History, 
University o f Nevada, Las Vegas. The position of birds was noted as either overhead (in
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flight but obviously using the site), interior, or edge, the latter being defined as within 10 
m of the boundary between the riparian vegetation and surrounding desert vegetation.
The species of plant used by birds for perch sites, foraging, or cover was also recorded. 
Plant identification followed Munz (1974).
Total species richness, mean bird densities, and mean bird species diversity 
indices were calculated for each site by month and by season. Seasons were considered to 
be spring (March, April, May), summer (June, July, August), fall (September, October, 
November), and winter (December, January, February). Density was also calculated for 
edge and interior habitats separately on the stream sites using data from bird sightings in 
vegetation or on a substrate (overhead sightings were omitted). Diversity indices were 
calculated using the Shannon-Weiner Index as presented in Begon et al. (1990):
H = j  (Pi) (loge Pi)|s|
For the purposes of comparison across site types, richness, diversity and density 
estimates for Saddle Cove and Boulder Bay were adjusted by removing species that were 
using the open water and wouldn’t be expected to be present in a stream riparian area 
(called “adjusted values”). This included members of the Orders Podicipediformes, 
Pelecaniformes, Anseriformes, Ciconiiformes, Gruiformes, Charadriiformes (except 
Common Snipe, Gallinago gallinago), and the Osprey (Pandion haliaetus).
A  set of correlations using linear, power function, exponential, polynomial, and 
logarithmic models were developed to find the best predictors of bird species richness, 
diversity, and density using the factors of percent relative cover of Tamarix, percent total
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cover of native vegetation, foliage volume, perennial plant species richness and diversity, 
and monthly arthropod biomass. These correlations were made across all six sites, and 
across the three site types. Within each site type, these correlations were made using only 
the factor of arthropod biomass (as g m'^ and g ha'*). In addition, multiple linear 
regression models for across the six sites and across the three site types using five of the 
above mentioned variables were constructed. All correlations were performed on data 
taken fi-om December, 1994 through November, 1995. Detailed descriptions of the 
methods used to measure plant species richness, species diversity, foliage volume, and 
coverage are described in Haigh (1997b). A description of methods used to measure 
arthropod biomass are presented in Haigh (1997c).
RESULTS
A total of 10,231 individual bird sightings representing 132 species were recorded 
over the 21 months of the study (Table 6-1). These were distributed over the six study 
sites as follows: Saddle Cove, 1310 sightings, 53 species; Boulder Bay, 1974 sightings, 77 
species; Overton, 1036 sightings, 64 species; Hiko Springs, 1948 sightings, 60 species; 
Grapevine Canyon, 1492 sightings, 67 species; Sacaton Wash, 2471 sightings, 63 species. 
The most firequently occurring species are presented in Table 6-2. Four species.
Gamble’s Quail (Callipepla gambelif), Verdin {Auriparusflaviceps). Black-tailed 
Gnatcatcher (Polioptila melanura), and White-crowned Sparrow (Zonotrichia leucophrys) 
were among the top ten most frequent species on all three site types.
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Total and adjusted calculations for species richness, diversity, and density are 
shown in Fig. 6-1. Adjustment of species richness figures resulted in the removal of 25 
species. Differences in total and adjusted values for species richness were significant 
(P = .03). Differences in adjusted and total density figures were also significant 
(P = .002), largely due to the removal of American Coots {Fulica americand) in fall and 
winter months. Differences in species diversities between total and adjusted figures were 
not significant.
Species Richness
Mean monthly species richness for the three site types are shown in Fig. 6-2a. In 
general, sites with all native vegetation (“native sites”) had the highest bird species 
richness (x = 7.07), sites with both Tamarix and native vegetation (“mixed sites”) had 
intermediate values (X = 6.27), and sites with nearly all Tamarix vegetation (“Tamarix 
sites”) had the lowest richness (X = 3.22). Differences between Tamarix sites and mixed 
sites and between Tamarix sites and native sites were significant (P < .0001). Differences 
between mixed and native sites were not significant. Species richness values were highest 
in spring months (May or June), decreased through the summer and then increased 
slightly in fall before dropping to a yearly low in winter. The increases in spring and fall 
represent additions made by migrant species (Table 6-1). Richness values between 1994 
and 1995 for comparable months (March-November) were significantly different for 
Tamarix sites (P = .03) but not for mixed or native sites.
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Density
Mean monthly density measurements for the three site types are shown in Fig. 6- 
2b. For all 21 months of the study, Tamarix sites had the lowest bird densities with an 
overall mean of 2.20 ha'*. For 15 of the 21 months, native sites supported the highest 
densities, however, mixed sites had equal or only slightly higher densities for the other 6 
months. Overall mean density for native and mixed sites were 8.21 and 6.84 ha'*, 
respectively. Differences between Tamarix and mixed sites and between Tamarix and 
native sites were significant at the P < .0001 level and between mixed and native sites 
were significant at the P <.05 level. Density values between 1994 and 1995 for 
comparable months (March-November) were significantly different for Tamarix sites 
(P = .05) but not for mixed or native sites.
Bird density measurements for edge and interior habitats for mixed and native sites 
are shown in Fig. 6-3. From March, 1994 through August, 1995, edge habitats on mixed 
sites consistently showed higher densities than interior habitats. For the months of 
September through November, 1995, interior habitats showed slightly higher densities, 
due, in part, to large flocks of Gamble’s Quail at Hiko Springs that tended to use interior 
stands of Acacia greggii (catclaw) and Tamarix for cover. Similarly, on native sites, edge 
habitats supported higher densities in all months except fall of 1994 and October and 
November of 1995 when Gamble’s Quail flocked under dense interior vegetation. Overall 
differences in mean densities between interior and edge habitats were significant for both 
mixed (P < .0001) and native (P < .01) sites.
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Species Diversity
Mean monthly diversity index calculations for the three site types are shown in 
Fig. 6-2c. Tamarix sites had the lowest overall species diversity (x = 0.88), mixed sites 
had an intermediate value (x = 1.49), and native sites had the highest mean diversity 
(x = 1.52). Differences between Tamarix and mixed sites and between Tamarix and 
native sites were both significant (P < .0001). Differences between mixed and native sites 
were not significant. Monthly trends in species diversity were more variable between site 
types than richness or density trends, however, like richness trends, spring and early 
summer months showed the highest values with fall values intermediate and winter 
months the lowest. Spring and fall increases were due to migrant species. Diversity 
values between 1994 and 1995 for comparable months (March-November) were 
significantly different for Tamarix sites (P < .05) but not for mixed or native sites.
Vegetation Use
Table 6-3 shows the ten perennial plant species in which the greatest percentage 
of birds for each site was foimd. When the total percent of birds found in a plant species 
was plotted against the percent relative cover of that species, points that fell far fi’om the 
X  =  y  line represented those plants that birds tended to use greater or less in proportion to 
their relative abundance (Fig. 6-4). Perennial species that fell above this line (birds 
appear to favor included Acacia greggii, Prosopis pubescens, Prosopis glandulosa, and 
Larrea tridentata. Species of the plants that birds used less in proportion to their 
abundance included Phragmites australis, and Baccharis sarothroides.
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Prediction Models
Using a linear model, percent total cover of native vegetation was the best 
predictor of bird species diversity across all six sites (r  ̂= 0.46) and of bird species 
diversity, richness, and density (r  ̂= 0.58, 0.65, and 0.65, respectively) across the three 
site types. Bird density across the six sites was best predicted (although not strongly) by 
plant species diversity (r  ̂= 0.29), and bird species richness by relative percent cover of 
Tamarix (r  ̂= 0.41) using a linear model. Generally, r̂  values could be improved 
(although only slightly) when other models were applied to these data. Bird species 
richness and bird density were better predicted by plant species richness across the six 
sites using a power function. Across the three site types, bird species diversity was 
better predicted by plant species diversity using a power function.
Arthropod biomass proved to be the poorest predictor of bird species richness, 
diversity or density of all the factors across the six sites and at the site type level. For 
both of these levels, the highest value obtained using arthropod biomass (g ha'*) for a 
linear model was 0.08 (as predicting bird species richness across three site types). Using a 
power function, this correlation was improved to r̂  = 0.32. Arthropod biomass was a 
better predictor at the individual site type level. Using a linear model, arthropod biomass 
(g ha ■*) best predicted bird species richness on the Tamarix sites (r  ̂= 0.33), bird density 
on the mixed sites (r  ̂= 0.48), and bird species diversity on the native sites (r  ̂= 0.47). 
Applying polynomial models increased revalues the Tamarix sites (r  ̂= 0.58), and on 
the mixed sites (r  ̂= 0.60). The use of a logarithmic model made arthropod biomass a 
better predictor of bird species richness on the native sites (r  ̂= 0.64).
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Multiple linear regression analysis using all variables except arthropod biomass 
produced the following models:
Across all six sites:
BSD = 1.250 - O.OOlxi + 0.014x2 + 0.309x3 - 0.051x4 + 1.824xs; ?  = 0.58 
BSR = 3.254 + O.lOx, + 0.043x2 + 2.958x3 - 0.282x4 + 13.064xs; ^  = 0.57 
BD = 4.906 - 0.025X, - 0.069x2 + 6.642x3 - 0.217x4 + 14.220xs; ^  = 0.38 
Across three site types:
BSD = 1.434 - 0.002x1 + 0.023x2 + 0.326x3 - 0.074x4 + 2.192xs; ^  = 0.74 
BSR = -5.671 + 0.092xi + 0.125x2 + 2.919x3 - 0.168x4 + 9.502xs; r̂  = 0.79 
BD = -33.86 + 0.334x1 + 0.185x2 + 7.15x3 + 0.219x4 + 7.995x$; ^  = 0.92
where BSD = bird species diversity, BSR = bird species richness, BD = bird density 
(birds ha'*), Xi = percent relative cover Tamarix, Xj = total percent cover of native 
vegetation, X3 = foliage volume, X4 = plant species richness, and X5 = plant species 
diversity.
DISCUSSION
Yearly trends in bird species richness, diversity, and densities for this study were 
similar to those found in other studies done in this region. However, comparisons 
between different studies and sites are difficult because of differences in size of study 
area, length of study, vegetation commimities and census methods. Cohan et al. (1978)
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found that vegetation communities composed o f native plant species supported the 
highest numbers of birds, mixed ïasivdTamarix communities supported moderate 
densities, and pure Tamarix stands supported the lowest densities along the lower 
Colorado River. Actual density values between these two studies are similar for Tamarix 
habitats, but are slightly higher in this study for mixed areas. For native habitats, this 
study showed slightly lower densities in winter months but slightly higher values for 
other seasons. Blake (1984) found lower densities of birds than this study for native sites 
that were very close to Sacaton Wash and Grapevine Canyon, but these were at a higher 
elevation. Miller (1974) reported densities of 6.98 birds ha * for wintering birds in 
riparian communities of the Las Vegas Wash, which are slightly higher than found in this 
study.
Differences in richness, diversity, and density values between seasons and years 
of this study and between values in this study and other studies are probably due, in part, 
to the inherent variation in bird populations in this region from year to year (Phillips,
1968; Anderson et al., 1981, Rice et al. 1983). Even so, meaningful trends can still be 
seen in bird community characteristics as they relate to the habitat variables studied over 
the two year period. Bird species richness, diversity and density all tended to be 
positively correlated with total percent cover of native vegetation, foliage volume, plant 
species richness, plant species diversity and arthropod biomass. This is similar to results 
found by Tomoff (1974), Stamp (1978), and Farley et al. (1994). These three bird 
characteristics are all negatively correlated with percent relative cover of Tamarix.
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Biomass of arthropods has been foimd to be a good predictor of avian abimdance 
in other studies. Brush and Stiles (1986) found that bird density was highly correlated 
with arthropod biomass for pine and oak habitats in the New Jersey Pine Barrens. 
Blenden (1982) also found a positive correlation with arthropod biomass and bird 
densities in a variety of habitats in central Missouri. Arthropod biomass may not have 
been a good predictor of avian species richness, diversity and abundance across the six 
sites or across the three site types in this study for several reasons. Sharp increases in 
arthropod abundance in Tamarix during late spring on both the lake shore and mixed sites 
were not matched by a relative increase in bird richness, diversity or density. This is 
similar to what Cohan et al. (1978) found for similar habitats along the lower Colorado 
River. In general, a cause and effect relationship cannot be inferred from regression 
models. However, the majority of the bird species identified in this study are partially or 
wholly insectivorous and are restricted to these riparian zones. This means that they 
must feed on insects found on these sites. Birds may not respond to the late spring pulse 
in arthropods for several reasons. Native birds may not recognize exotic Tamarix as a 
possible foraging area or may avoid it for other reasons (e.g. salt damage to plumage). The 
increase in arthropods came mainly from Opsius stactogalus (tamarix leafhoppers) which 
may not be palatable to some birds. Finally, it could be that another resource other than 
food in the form of arthropods is serving to limit bird numbers.
Future studies of riparian bird communities in LMNRA could further help to 
explain the ecological relationships if data sets were gathered over a longer period of time, 
perhaps five years or more. Furthermore, more meaningful information regarding the
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relationships between bird community characteristics and food availability could 
probably be obtained if specific diet analyses of the bird species residing there were 
conducted. Increasing the accuracy of arthropod abimdance data by increasing sample 
size to reduce variability, coupled with an analysis of seed and firuit abundance would 
provide valuable information.
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Table 6-2—Rank and total sightings of ten most frequently sighted bird 
species for three riparian zone types, LMNRA, southern Nevada.
Species Tamarix
(Total)
Mixed Tamarix 
and Natives
Natives
Rank Sitings Rank Sitings Rank Sitings
American Coot 1 1444
Killdeer 10 48
Gamble’s Quail 9, 8* 64 1 723 1 1179
Mourning Dove 10, 9* 57 8 100
Cliff Swallow 2,1* 168
Northern Rough­
winged Swallow
5,4* 85 9 91
Verdin 7, 6* 70 2 218 6 151
Cactus Wren 7 94
Black-tailed
Gnatcatcher
4,3* 113 7 102 9 87
Phainopepla 4 159 3 236
Bell’s Vireo 10 86
Lucy’s Warbler 
Y ellow-rumped 
Warbler
10* 45
5 150
Red-winged
Blackbird
6,5* 75
Great-tailed
Grackle
8, 7* 70
House Finch 6 145 2 280
Lesser Goldfinch 8 93
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Species Tamarix
(Total)
Mixed Tamarix 
and Natives
Natives
Rank Sitings Rank Sitings Rank Sitings
Black-throated
Sparrow
10 68 5 158
White-crowned
Sparrow
3,2* 124 3 167 4 227
Song Sparrow 3,2* 124
* Adjusted value
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diversity for birds using two lake shore riparian sites, LMNRA, southern Nevada.
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DISSERTATION SUMMARY
Conclusion of Hypotheses
Hypothesis 1: Because of negative interspecific interactions between Tamarix 
ramosissima and native riparian plant species, perennial plant species richness and 
diversity will be highest on native sites, moderate on mixed sites and lowest on Tamarix 
sites.
Results of perennial species richness and diversity measurements showed that 
these values followed this trend. Mean species richness and diversity for native sites 
were 65 and 1.339, for mixed sites were 40 and 0.736, and for Tamarix sites were 9 and 
0.084, respectively.
Hypothesis 2: Because of specific associations between arthropod species and riparian 
plant species, arthropod biomass will be highest on native sites, moderate on mixed sites 
and lowest on Tamarix sites.
150
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When averaged over the whole year, mixed sites had the highest estimated mean 
arthropod biomass (623.9 g/ha), Tamarix sites were intermediate (362.9 g/ha), and native 
sites had the lowest biomass (258.3 g/ha). This pattern was due mostly to the 
contribution of Opsins stactogalus (tamarix leafhopper) that occurred almost exclusively 
in T. ramosissima. Mixed sites had a large volume of both Tamarix and native vegetation, 
which both contributed to the arthropod totals. Tamarix sites were almost pure stands of 
this vegetation, and therefore had only what this plant contributed in terms of arthropod 
biomass. Native sites had no Tamarix and thus did not contain the large amounts of O. 
stactogalus that the other sites did. However, native vegetation had the highest taxonomic 
richness of arthropods at the family level, therefore the order of richness among the three 
site types was native sites highest, mixed sites intermediate, and Tamarix sites were 
lowest.
Hypothesis 3: Because of increased food resources in the form of arthropods, riparian 
areas with high arthropod biomass will be able to support more diverse and dense avian 
communities than areas of low arthropod biomass.
Results from arthropod biomass and avian species diversity and density 
measurements did not show this pattern. The site type with the highest mean arthropod 
biomass (mixed sites) had intermediate values of avian species diversity and density.
Sites with intermediate arthropod biomass {Tamarix sites) had the lowest avian diversity 
and density and native sites had the lowest mean arthropod biomass but the highest avian 
species diversity and density values.
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Hypothesis 4 : Because of positive relationships between riparian perennial plant 
diversity and arthropod biomass, and between arthropod biomass and avian species 
diversities and densities, avian species richness, diversities and densities will be highest in 
native sites, moderate in mixed sites and lowest in Tamarix sites.
Native sites had the highest bird species richness (Jc = 7.07), mixed sites had 
intermediate values (x = 6.27), and Tamarix sites had the lowest richness (x = 3.22). 
Differences between Tamarix sites and mixed sites and between Tamarix sites and native 
sites were significant (P < .0001). Differences between mixed and native sites were not 
significant
Tamarix sites had the lowest overall species diversity (x = 0.88), mixed sites had 
an intermediate value (x = 1.49), and native sites had the highest mean diversity 
(x = 1.52). Differences of mean diversity values between Tamarix and mixed sites and 
between Tamarix and native sites were both significant (P < .0001), however, differences 
between mixed and native sites were not significant.
Overall mean bird density measurements for native sites was 8.21 birds/ha, for 
mixed sites was 6.84 birds/ha, and for Tamarix sites was 2.20 birds/ha. Differences 
between Tamarix and mixed sites and between Tamarix and native sites were significant 
at the P < .0001 level and between mixed and native sites were significant at the P <.05 
level.
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Management Recommendations
Some of the information obtained in this study can be applied to help guide 
current and future management efforts to control Tamarix and revegetate riparian zones in 
LMNRA with respect to maximizing avian species richness, diversity, and density. In 
light of this information, recommendations are presented as follows:
1) Because of the positive correlations between amount of native vegetation, perennial 
species richness and perennial species diversity, and avian species richness, diversity and 
density, riparian zones should be managed to maximize the amount of native perennial 
vegetation. This vegetation should be both rich and diverse in terms of species within a 
site. Important species to include are Acacia greggii, Prosopis pubescens, Prosopis 
glandulosa and Larrea tridentata.
2) Although the presence of Tamarix along with native vegetation in a stream side 
riparian zone does not seem to repel birds (there are still birds present on the sites), its 
presence does take up space and resources that could be used by native vegetation. The 
areas within a stream site that Tamarix can occupy seem to be limited to the proximity of 
water. Tamarix plants on the mixed sites in this study were restricted to the stream 
course and they did not seem to be spreading outward to the edges o f the sites where 
native vegetation was present. This phenomenon is probably influenced by the unique 
shape and flow regimes of the individual areas. Priorities for the removal of Tamarix in
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stream areas might be set by the amount o f native vegetation left and not necessarily by 
the amount of Tamarix present.
3) Removal of Tamarix vegetation along the shorelines of Lake Mead by the methods 
used in stream areas (cutting and application of herbicide) would prove impractical for 
several reasons. The extent to which Tamarix has become established in terms of area 
alone would make the task impossible. Furthermore, annual fluctuations in water level 
would help to reestablish stands shortly after they were removed. Since these habitats 
are being used to some degree by birds for cover, their presence in this somewhat artificial 
ecosystem is probably not detrimental enough to warrant the effort it would take to 
remove them by conventional means. However, these stands undoubtedly serve as a huge 
seed source which probably facilitates the establishment of this exotic in the more 
important stream areas. If periodic removal or control could be achieved through 
prolonged inundation (by raising and holding the lake at a high level for a period of time), 
then these large areas of Tamarix could be controlled with much less effort. If, in 
addition, these areas could be revegetated with a type of lake shore vegetation that 
provides bird populations with suitable habitat and does not become invasive to stream 
areas, then it might prove beneficial to control Tamarix here.
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